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Here it is at last... Y||^ FIRST 

FLOPPY DISK BASED COMPUTER 
FOR UNDER MOOO 


^995 


The C1PMF 


■ Complete mini floppy computer system 

■ 10K ROM and 12K RAM 

■ Instant program and data retrieval 

The Challenger 1P Mini-disk system features 
Ohio Scientific’s ultra-fast BASIC-in-ROM, full 
graphics display capability and a large library 
of instant loading personal applications soft¬ 
ware on mini-floppies including programs for 
entertainment, education, personal finance, 
small business and now home control! 



The Cl P MF configuration is very powerful. 
However, to meet your growth needs it can be 
directly expanded to 32K static RAM and a sec¬ 
ond floppy by simply plugging these options in. It 
also suports a printer, modem, real time clock 
and AC remote interface as well as the OS-65D 
V3.0 development oriented operating system. 


Or Start with the C1P 
CASSETTE BASED 
Computer for just $349. 

The cassette based Challenger 1P offers the 
same great features of the mini-disk system 
including a large software library except it has 
4K RAM and conservative program retrieval 
time. Once familiar with personal computers, 
you’ll be anxious to expand your system to the 
more powerful C1P MF. 

You can move up to mini-disk performance at 
any time by adding more memory and the disk 
drive. Contact your local Ohio Scientific dealer 
or the factory today. 

‘Both systems require a video monitor, modified TV or RF 
converter and home television for operation. Ohio Scientific 
offers the AC-3 combination 12" black and \white TV/monitor 
for use with either system at $115.00 retail. 


All prices, suggested retail. 



1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 56^-3101 
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GOULD PROFESSKNIAL 
OSCILLOSCOPES AT PRICES 
YOU CAN AFFORD. 


Whatever your interest 
in electronics, you know 
that a quality oscilloscope 
with a broad range of 
features and functions 
can make your work a lot 
easier. Gould oscillo¬ 
scopes are built to solve 
your problems and priced 
so you can afford the 
professional equipment 
you need right now. All 
are complete, ready for 
use, including passive 
probes, input leads and 
a comprehensive main¬ 
tenance and operation 
manual. 



The OS253 isa12MHz 
dual-channel scope with 
all the features of the 
OS245A plus a larger dis¬ 
play area, more sensitivity 
and channel sum and 
difference. 

The dual trace OS255 
weighs only 15 lbs. yet 
offers features normally 
found in more expensive 
instruments such as 
flexible triggering facilities 
and 2mV/cm sensitivity 
across its full 15MHz 
bandwidth. 



The dual beam OS260 
gives true representation 
of two separate signals 
on the same time frame 
without beam chopping or 
alternating. Features 
include a high brightness 
CRT operating at lOkV 


allowing a clear display 
of all waveforms. 


For additional informa¬ 
tion on this exciting new 
line of sensibly priced, 
professional oscilloscopes 
or for sales locations in 
your area: call toll free 
(800) 325-6400 Ext. 77. 

In Missouri call (800) 
342-6600. 


■> GOULD 



The OS245A is a com¬ 
pact, dual trace instrument 
with a 10MHz bandwidth 
and 5mV/div sensitivity. It 
has exceptional trigger 
performance and a full 
compliment of facilities for 
industrial, educational, and 
field service applications. 




Gould also manufac¬ 
tures an additional line of 
general purpose oscillo¬ 
scopes for industrial, 
scientific and laboratory 
applications. 
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Liquid crystai digitai muitimet- j 

ers appear to be the wave of , 

tomorrow. They are inexpen- T 

sive, highiy accurate, offer mui- 
tipie ranges and are readiiy 
available. In this issue we exam- « 
ine the circuitry and IC that 
have made this possible. For 
more info see the story starting 
on page 41. 
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Videodiscs on sale: Just four years after it was originally 
promised, the optical videodisc system developed by Phil¬ 
ips and MCA went on the market in the last days of 1978. 
But the marketing was very limited—just a handful of play¬ 
ers were offered in three stores in Atlanta so the two 
companies could come in just under the wire and make 
good their latest promise of marketing in 1978. During 1979 
and 1980, player and disc sales will gradually fan out 
through the nation, according to the plans. 

At the Atlanta debut, the player carried a list price of 
$695, and a catalog of more than 200 discs listed movies at 
$9.95 and $15.95, operas and ballet at $20, how-to and 
educational programs at $5.95 and $9.95. Although a 
special two-hour disc has been developed for feature films, 
all except three of the movie titles in the catalog were on 
one-hour (30-minutes-per-side) discs. The player is being 
sold under the "Magnavision” label by Philips’ subsidiary, 
Magnavox. The discs are labeled “DiscoVision" and 
include selections of films from Universal (owned by MCA), 
Warner Brothers, Paramount, Walt Disney and American 
Film Theatre. 

Although the optical laser system was the first long-play¬ 
ing videodisc system to make it to market (the 10-minute 
Ted system is being sold in Europe and Japan), it probably 
won’t be the last. RCA’s capacitance system is still under 
development, and though the company had made no 
specific plans for marketing at presstime, it was aiming at a 
simple system with players designed to sell for less than 
$400. 

AM stereo progress: The FCC has formally started 
machinery in motion toward establishing standards for AM 
stereo. Having received a report of field tests of three 
systems by the intra-industry National AM Stereo Radio 
Committee and having judged that two other proposed 
systems met its technical standards, the Commission 
merely asked for comments on all five—Belar, Magnavox 
and Motorola (all tested by NAMSRC), Harris and Kahn. 
The FCC hopes to expedite the proceeding and there are 
forecasts that formal rules authorizing AM stereo could be 
issued as soon as midyear. The FCC also voted to extend 
its earlier inquiry into quadriphonic FM broadcasting, 
centering on the question of whether discrete quad broad¬ 
casting would inhibit a future reduction in channel separa¬ 
tion. Some 2,000 comments have already been filed in the 
quad proceeding. Matrix four-channel broadcasting is cur¬ 
rently permitted on FM, since there is no basic change in 
the transmitted signal, but discrete broadcasting would 
require new rules. 

0, Better TV sound: It’s really coming, if you can believe the 
9 set manufacturers. Reacting to the improved television 
O audio network lines now being supplied by AT&T (see 
f Radio-Electronics, December 1978), television set manu- 
g facturers are surprisingly in strong agreement that the next 
g major technical step in TV sets is better sound and that the 
o public probably will pay for it. 

Q A survey by the industry newsletter Television Digest 
c produced only one strongly negative comment from a set 


maker, the remainder being positive (although two were 
noncommittal). Here are some samples; “It is needed. Will 
be available at minimal increase [in cost].’’ “Definite need 
and if priced reasonably consumer will purchase.” “Con¬ 
sumer will be looking for more sound-oriented product. 
Color TV will require improved audio capability along with 
stereo sound in the near future.” “After improved audio is 
provided by transmitters, all TV makers will improve audio 
quality in their sets.” “Improved audio performance on 
color TV plus greater availability of pre-recorded materials 
will represent a very desirable consumer feature and be 
supportive of the tremendous audio market in the younger 
age brackets.” “High priority for consoles.” “Need will 
grow with projection and video recorder use.” “We need 
improvement, including stereo capability.” 

Two comments were iffy: “It’s a marginal feature.” 
“While there is perhaps a growing interest in improved 
audio, it remains to be seen how much the consumer is 
willing to pay for this additional feature.” There was only 
one negative: “Most consumers don’t want to pay for 
improvement.” 

Can It be that we’re finally on the way to better TV 
sound? 

VCR’s pickup: Some manufacturers had predicted as 
much as 750,000 sales for home videocassette recorders in 
1978. This figure was based on increasing sales toward the 
end of 1977. But in the opening months of 1978, sales 
seemed to collapse with fewer than 14,000 units sold to 
dealers in January, 15,000 in February, rising gradually to 
31,000. in June and falling again in July and August. Then in 
September, the take-off appeared to come, with sales 
totaling almost 57,000 for the month, more than in the 
entire first quarter. Some dealers even reported shortages 
because they were taken by surprise by the pickup in 
demand. Many credited the introduction of new models, 
particularly portables and programmables. And all agreed 
that color cameras were selling unexpectedly well consid¬ 
ering that most are priced around the $1,000 mark. 

In Europe, meanwhile. Philips announced it was prepar¬ 
ing to build a huge new home VCR plant, consolidating all 
of its production in Vienna. Philips, Grundig and others 
manufacture a “standard” European VCR system that 
differs from those in use in the U.S.—in fact, it was the first 
Vs-inch videocassette system to be developed. In its 
announcement of the new plant, Philips did not state which 
type of VCR would be built, but it is believed the company 
has decided on a completely new unit, with a cassette 
about the size of a VHS cassette, but capable of eight 
hours’ playing time. In another significant videotape devel¬ 
opment, Britain’s Independent Broadcasting Authority has 
demonstrated the first working digital videotape recorder. 
Designed for broadcast use, it employs one-inch tape with 
a writing speed of 2000 ips, achieving an information densi¬ 
ty of 10^ bits-per-square-inch. Commercial production for 
broadcast use was said to be two to four years in the 
future. 

DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 
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The Sinclair PDM35. 

A personal digital MultiMeter for only *59.^ 



Now everyone can afford to 
own a digital multimeter 

A digital multimeter used to 
mean an expensive, bulky piece of 
equipment. 

The Sinclair PDM35 changes 
that. It’s got all the functions and 
features you want in a digital 
multimeter, yet they’re neatly 
packaged in a rugged but light 
pocket-size case, ready to go 
anywhere. 

The Sinclair PDM35 gives you 
all the benefits of an ordinary digital 
multimeter — quick clear readings, 
high accuracy and resolution, high 
input impedance. Yet at $59.95 it 
costs less than you’d expect to pay for 
an analog meter! 

The Sinclair PDM35 is tailor- 
made for anyone who needs to make 
rapid measurements. Development 
engineers, field service engineers, lab 
technicans, computer specialists, 
radio and electronic hobbyists will 
find it ideal. 

With its rugged construction and 
battery operation, the PDM35 is 
perfectly suited for hand work in the 
field, while its angled display and 
optional AC power facility make it 
just as useful on the bench. 

What you get with a PDM35 

3y2 digit resolution. 

Sharp, bright, easily read LED 
display, reading to ± 1.999. 

Automatic polarity selection. 
Resolution of 1 mV and 0.1 nA 
(0.0001 M A). 

Direct reading of semiconductor 
forward voltages at 5 different currents. 
Resistance measured up to 20 MD . 
1% of reading accuracy. 


Operation from replaceable battery 
or AC adapter. 

Industry standard 10 Mfl input 
impedance. 

Compare it with an 
analog meter! 

The PDM35’s 1% of reading 
compares with 3% of full scale for a 
comparable analog meter. That 
makes it around 5 times more 
accurate on average. 

The PDM35 will resolve 1 mV 
against around 10 mV for a 
comparable analog meter — and 
resolution on current is over KXX) 
times greater. 

The PDM35’s DC input 
impedance of 10 M D is 50 times 
higher than a 20 kfl/volt analog 
meter on the 10 V range. 

The PDM35 gives precise digital 
readings. So there’s no need to in¬ 
terpret ambiguous scales, no parallax 
errors. There’s no need to reverse 
leads for negative readings. There’s 
no delicate meter movement to 
damage. And you can resolve current 
as low as 0.1 n A and measure 
transistor and diode junctions over 5 
decades of current. 


Technical specifications 

DC Volts (4 ranges) 

Range: 1 mV to 10(X) V. 

Accuracy of reading 1.0% ± 1 count. 
Note: 10 MO input impedance. 

AC Volts (40 Hz-5 kHz) 

Range: 1 V to 500 V. 

Accuracy of reading: 1.0% ±2 counts. 
DC Current (6 ranges) 

Range: 1 nA to 200 mA. 

Accuracy of reading: 1.0% ±1 count. 
Note: Max. resolution 0.1 nA. 
Resistance (5 ranges) 

Range: Ifl to20Mfl . 

Accuracy of reading: 1.5% ±1 count. 
Also provides 5 junction-test ranges. 
Dimensions: 6 in. x 3 in. x 1(4 in. 
Weight: 6(4 oz. 

Power supply: 9 V battery or Sinclair 
AC adapter. 

Sockets: Standard 4 mm for resilient 
plugs. 

Options: AC adapter for 117 V 60 Hz 
power. De-luxe padded carrying 
wallet. 30 kV probe. 

The Sinclair credentials 

Sinclair have pioneered a whole 
range of electronic world-firsts — from 
programmable pocket calculators to 
miniature TVs. The PDM35 
embodies six years’ experience in 
digital multimeter design, in which 
time Sinclair have become one of the 
world’s largest producers. 

Tried, tested ready to go! 

The Sinclair PDM35 comes to 
you fully built, tested calibrated and 
guaranteed. It comes complete with 
leads and test prods, operating 
instructions and a carrying wallet. 

And getting one couldn’t be easier. 
Just fill in the coupon, enclose a 
cheque/MO for the correct amount 
(usual 10-day money-back undertaking, 
of course), and send it to us. 

We’ll mail your PDM35 by return! 
For Instant Service, CALL TOLL 
FREE: 1-800-235-6945, EXT. 1052. 
Calif. Res. Call: 1-805-966-7187. 
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Manufacturer fights anti¬ 
radar detector statutes 

Radatron Corporation, a radar detector 
manufacturer, for many years has been 
fighting antl-radar-detector legislation at 
its source—the state legislatures them¬ 
selves. 

By lobbying, testifying, and filing briefs 
and evidence, Radatron representatives 
have approached state legislatures and 
legislators in an all-out campaign that has 
been remarkably effective in aborting anti¬ 
radar detector statutes in several states. 
They have used two arguments: First, the 
Communications Act of 1934 “specifically 
prohibits any government body from re¬ 
stricting or regulating free use of receiv¬ 
ers,” and pointing out that a radar detec¬ 
tor, although it operates at much higher 
frequencies than a car radio receiver, is still 
just a receiver and comes under the provi¬ 
sions of the Act. Second, it is almost 
impossible to write any law against radar 
detectors that does not at some point 
violate the driver’s legal rights with respect 
to search, probable cause, due process of 
law, etc. 

So far, Radatron’s efforts have suc¬ 
ceeded in knocking down anti-radar detec¬ 
tor legislation in Wisconsin, Minnesota, 


Michigan and Louisiana. The “biggie” they 
are still working on is the state of Virginia, 
where, although it is not deemed illegal to 
own a radar detector, it is unlawful to oper¬ 
ate one. So, if you’re caught with one in 
your car, you must then prove you weren’t 
using it. As one Radatron representative 
put it, this represents a clear case of being 
guilty until proved innocent . . . “hardly 
the American way.” 

Report outlines and analyzes the 
“home terminal” 

International Resource Development, 
Inc., has released a 184-page report re¬ 
viewing the technology, market possibili¬ 
ties and future prospects for the home 
terminal. Part of the report entitled “Exec¬ 
utive Summary” describes attempts at in¬ 
tegrated systems made by several coun¬ 
tries and discusses the home terminal of 
the future. Here are some highlights of this 
report: 

Efforts at integrating telephones, home 
TV sets and radios are already underway in 
Europe and Japan. In England, the View¬ 
data system (introduced under the name of 
Prestel) is a two-way TV system in which 
the home TV screen is used to display data 
elicited from phone inquiries; a similar sys¬ 


tem has also been developed in West 
Germany. 

In France, integration has taken a more 
complex turn with the Anf/ope system. This 
system combines TV, telephone, tape re¬ 
cording and message delivery—news and 
“magazine” material are transmitted both 
over the air during TV “flyback” time, and 
via phone and tape cassettes sent through 
the mail. The most ambitious program of all 
is being developed in Japan—a two-way, 
fiber-optics integrated TV experiment. 

Integration in the U.S. has necessarily 
been slower because of regulations sepa¬ 
rating cable, TV, telephone and broadcast 
network systems. So far, the only inte¬ 
grated service has been limited to two-way 
TV programs such as that provided by the 
Warner Cable Company’s QUBE system in 
Columbus, OH. 

However, the report goes on to state that 
integration of telephone, TV, cables, slides, 
movies and home computers is continuing. 
An Integrated Video Terminal (IVT) is pres¬ 
ently being devised that will combine TV 
display, phone service, VTR storage, hard¬ 
copy printing and home computing. It will 
reside In the kitchen of the affluent Ameri¬ 
can housewife to help run her home, appli¬ 
ances, bookkeeping, etc. The IVT will be 
introduced in 1982, and is expected to 
have an initial cost of around $1400. 

The report is published by International 
Resource Development, Inc., 125 Elm St., 
New Canaan, CT 06840. 


“Electronic newspaper” project 
readied for the public 

An FM-broadcast-based news and infor¬ 
mation service called the Digicast Project, 
created and directed by Jim C. Warren, is 
being readied for possible implementation 
in 1979. The Digicast system uses digital 
techniques to transmit encoded alphanu¬ 
meric information via FM transmitter sub¬ 
carriers. 

Digicasting uses only one transmitter to 
disseminate more news than a convention¬ 
al newspaper, and it does it faster. Once an 
editor or reporter decides that a report 
previously typed into a computer terminal 
is ready to go, the data is transmitted 
immediately. It is then up to the consumer 
to use his specially designed receiver to 
cull only that information from the flow that 
he wishes to receive. 

The FCC has already adopted a policy 
legalizing the use of subcarriers for such 
transmissions. Also, the digital newscast 
system will not involve a large outlay for 
special equipment. The receiver modules 
designed to receive the analog signals and 
convert them to parallel or serial digital 
output may bear an initial price tag of $50 
or $100, with possible future price reduc- 
continued on page 13 


RCA SK CONTEST WINNERS 



SK REPLACEMENT SOLID STATE section of RCA’s Distributor and Speciai Products Division 
recently sponsored a contest in which 19 service dealers and distributor salesmen received VCR’s 
as prizes. Awards were given on the basis of a completing a statement, “i prefer RCA SK’s because 
. . Seen here are Larry Prink (canter) Westside Radio, TV Service, Eugene, OR; with (from left): 
Pete Paterson, United Radio store manager; Bob Havarcroft, United Radio distributor saiasman; Art 
Cusson, vice president. United Radio, Portiand; and Budd Scott, RCA district manager. 
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NOW! An Affordable Digital LED Readout Receiver, 
that Btings You Exciting Global News, Action and Entertainment, 
from ID kHz to 30 MHz Continuous, in 30 Bands! 



(D (D @ 


Tune in the world with 
the Realistic® DX-300, 
the general coverage 
receiver that gives you 
features never offered at 
this low price. Enjoy 
English as well as 
foreign-language 
shortwave broadcasts from world capitals and 
every corner of the globe. Pick up aviation 
weather and marine SSB. Get WWV time 
signals and the Voice of America. Hear CB 
and worldwide Amateur radio conversations 
and listen to standard AM stations from all 
across the USA. Accuracy, resetability and 
ease of tuning are incredible. Just set the dial 
to the exact frequency of the station you want 
—105 international SW stations are listed in 
the owner’s manual alone. For finest 
reception from any station, the DX-300 has a 
3-step RF attenuator, audio bandwidth and RF 
gain controls, and two antenna inputs. And 
what versatility: terminals for remote receiver 
muting, tape recording, screw-on whip 
antenna for portable use, built-in oscillator 
and key jack for code-practice. U.L. listed, of 
course. Step up to great listening at a great 
price. Only 379.95* buys you the world! 


© Six-range preselec¬ 
tor, with LED indicators, 
boosts RF signals and 
matches the DX-300 to 
your antenna. 

(D Three-way power: 
operates on AC, 8 op¬ 
tional “C” batteries, or 
external 12VDC. Automatic AC/battery 
switching, too. 

® Quartz-synthesized accuracy and a big 
5-digit frequency readout replace mechanical 
dials with all-electronic precision — you can 
dial directly to any station and re-tune to it 
easily. No more searching for stations. 

@ Dual-gate MOSFET front end, synthesized 
drift-cancelling triple-conversion mixer 
system, and 6-element ceramic filter for super 
sensitivity and freedom from 
adjacent-channel interference. 

® Relative signal strength and battery 
condition meter. Illuminated for easy reading. 
(D Product detector and fine-tuning control 
for outstanding reception of code and SSB. 

@ Audio power 1C, 1.5 watts output, and a 
large speaker for high-intelligibility sound. 
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DISCOVER REALISTIC; SOLD ONLY AT 

Radio/hack 

A DIVISION OF TANDY CORPORATION • FORT WORTH, TEXAS 76102 
OVER 7000 LOCATIONS IN NINE COUNTRIES 
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NRI training inTV 
and Audio Servicing 
keeps up with the 
state of the art* 
Now you can learn to 
service video cassette 
and disc systems* 








designed-for-learning 25” diagonal 
color TV. As you build it, you intro¬ 
duce and correct electronic faults, 
study circuits to gain a better under¬ 
standing of what they’re for and how 
they interface with others. 

Likewise, as part of your audio 
training, you construct a 4-channel 
stereo amplifier and tuner, complete 
with cabinet and speakers. You even 
assemble professional-grade test in¬ 
struments, so you know what makes 
them tick, too. Then you use them in 
your course, keep them for actual TV 
and audio servicing work. 

NRI Includes 

the Instruments You Need 

You start by building a transis¬ 
torized volt-ohm meter which you use 
for basic training in electronic theory. 
Then you assemble a digital CMOS 
frequency counter for use with lessons 
in analog and digital circuitry, FM 
principles. You also get an integrated 
circuit TV pattern generator, and an 
advanced design solid-state 5” trig- 
gered-sweep oscilloscope. Use them 
for learning, then use them for 
earning. 

NRI Training Works... 
Choice of the Pros 

More than 60 years and a 
million students later, NRI is still first 
choice in home study schools. A na¬ 
tional survey of successful TV repair¬ 
men shows that more than half have 
had home study training, and among 
■them, it’s NRI 3 to 1 over any other 
school. (Summary of survey 
on request.) 


You build color TV, hi-fi, professional instruments. 

Now, in addition to learning 
color TV and audio systems servicing, 
you get state-of-the-art lessons in 
maintaining and repairing video cas¬ 
sette recorders, playbacks and the 
amazing new video disc players, both 
mechanical and laser-beam types. 

Learn at Home 
in Your Spare Time 

And you learn right at home, 
at your own convenience, without 
quitting your job or going to night 
school. NRI “bite-size” lessons 
make learning easier.. .NRI 
“hands-on” training gives you 
,' practical bench experience as you 
progress. You not only get theory, 
you actually build and test electronic 
circuits, a complete audio system, 

: even a color TV 


Build Color TV, 
4-Channei Audio 

As part of your training in 
NRI’s Master Course in TV and 
I Audio Servicing, you actually as¬ 
semble and keep NRI’s exclusive. 


That’s because you can’t beat 
the training and you can’t beat the 
value! For hundreds of dollars less 
than competing schools, NRI 
both color TV and 
.and now includes 
in video cassette and 
disc systems. Send for our free 
:atalog and see for yourself 
NRI works for you. 


Free Catalog... 

No Salesman Call 

Our free 100-page catalog com¬ 
pletely describes all the equipment and 
every lesson. You can choose from five 
different TV and audio courses. Or ex¬ 
plore the opportunities in other NRI 
home study courses like Computer 
Tbchnology, CB and Mobile Radio, 
Aircraft and Marine Radio, or Com¬ 
plete Communications. Send the 


head start on the state of the art. 

If card has been removed, 
write to: 

MU-Schools 

McGraw Hill Continuing 
Eduratlon Center 
N 3^9 Wisconsin Ave. 

C' llFT Washington, D.C. 20016 
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Completely 
pre-assembled 
and pre-tuned 

Just take it out of 
the package, and 
Install it on the 
car. No tuning 
necessary... 
check it out with 
a watt meter ahd 
see for yourself! 


60 Sfaihless steel 
tapered whip... 
and ^ spring ~__ 


Super-good looking 
low silhouette 
design. 

Your choice of 
cup colors 
design-coordinated 


SIERRA DIAMOND-FIRE 

BRONZE BLACK 


ATLANTIS FIRETHORN 

BLUE RED 




These new 

PersuaderAntennas 
low profile,extra long whip 
deliver performance 
equal to, or better than 
anything else on the road! 


There’s a hand-wound, hand-tuned 
coil in the cup... 


m 


a major advance in 
antenna technology 
from the Antenna Pros 
field tested and 
field proven by 
thousands of CBers 

Only ^34.98 suggested retail. Compare 

with K-40 at $38.50 or any other antenna. You’ll see 
there’s no comparison. 



5 year guarantee 

Materials and workmanship of PERSUADER ANTENNAS 
(Models 13505 & 17605) are guaranteed for a full five years 
if this antenna is installed by the dealer and a full three years 
if this antenna is installed by the consumer. 

Any part that fails within the guarantee period wiii be repiaced absoiutely free 
provided fhe regisfrafion card has been completeiy filled ouf and refurned fo 
Antenna Incorporated. 



A word from the Old Pro: 

When you buy this antenna, 
my reputation... built over 38 years in 
the antenna business... will be riding on 
your roof. Tm confident that the 
Persuader Antennas will persuade you... 
you've chosen the Best. 

M.R. Friedberg, President 
Antenna Incorporated 


In stock at your dealer now... 

or call the Antenna Hotline.. .1-800-447-4700, 

(Illinois: 80 0-332-44 00; Sorry, no Hotline service in Alaska or Hawaii). 

H BB Charge to Visa or Master Charge... and we'll 
have your nearest dealer ship your Persuader 
Antenna promptly, in the mount and color of your choice. Hotline 
orders add $1.50 for shipping and handling. Applicable local 
taxes extra. Allow 2 to 4 weeks for delivery 


The family of fine antennas from the fine antenna family. 



2630T Richmond Road, Cleveland, Ohio 44146 (216) 464-7075 
In Canada: Cardon Imporf Canada Ltd., RO. Box 937 Hamilton, Ontario LBN 3P9 
Antenna Incorporated, International Division, PO, Box 1002 Rockville Centre, New YorkTlSTl 
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These features will 
persuade you... 

The Persuader™ Antenna 
is Your Best 
Antenna Choice 


60" Stainless Steel Tapered 
Whip...and Spring 

The super-long whip increases the aperture of the 
antenna. This increases 

• the signai capture area on reception 

• the transmit signai and radiation intensity at the 
horizon 

• bandwidth to weii over a 40-channei capabiiity 
The ,125" diameter whip is tapered, so shock is 
distributed evenly. There's no spring to stretch, 
break, or bend the whip away from the straightest 
possibie upright position. 

Exclusive coil-in-cup design 

Loading of most iow-profiie antennas is by a simple 
printed circuit board that can’t be tuned and wiii 
eventualiy burn out. These new Persuader anten¬ 
nas are completely pre-assembled and pre-tuned 
and feature an actual hand-wound, hand-tuned 
copper wire ioading coii tested with 500 watts, 
rated at 100 watts continuous. It’s even more effi¬ 
cient than our base-loaded coils because it’s 
wound to a iarger diameter, with fewer turns. 

This unique design aiso invoives fewer mechani- 
cai and eiectricai connectors—fewer resistive con¬ 
tacts between ioading coii and cabie termina¬ 
tions—less chance for dust, moisture or road 
gunk to contaminate the contacts. 

This concept has been fieid tested by thousands 
of CBers in our Modei 13503 (shorter whip, plain 
white cup). Your good buddies wiii teii you every¬ 
thing we say about it is true. 

Available with Trunk-Lip or 
Magnet Mount 

tor performance: 

• SWR of 1.5:1 or iess across aii 40AMandSSB 
channels. 

• Shunt-fed loading coii is DC grounded for quiet 
performance; bieeds off static from rain, snow, air 
particies. Performance is virtuaiiy identicai to body 
mount antennas. 

• Center-roof piacement of magnet mount pro¬ 
vides your most uniformly omni-directional signal. 
(Can also mount on trunk lid). 

• Unique Antenna incorporated design provides 
capacitive coupiing. Aiuminum piate puts the 
ground potentiai right at the mounting surface. 

for convenience: Magnet and trunk lip, 
the two easiest instailationsi Piace the antenna 
where you want it, piug the cabie into the trans¬ 
ceiver. No hoies to driii. Readiiy removed for anti¬ 
theft protection. Magnet mount suppiied with 12' 
RG-58/U coaxial cable with PL-259 type connector; 
trunk iip mount with 17' of cabie. 

for magnet mount adherence: 

Heavy-duty zy2" magnet in piastic cup with soft 
rubber gasket. Hoids at top highway speeds of 55 
mph. (Trunk iip mount recommended for vinyl roof 
cars.) Since it won’t waik, it won’t detune! “Oii- 
can’’ effect of cup; resting on gasket, provides a 
iarger magnet plane than if the magnet itseif were 
touching the surface—yet there’s iess weight on 
the car, iess scratch potentiai. 


All magnet mount benefits 

are standard... 

not an extra-cost accessory! 
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tions as the system catches on. 

System design, transmission and format, 
and receiver plans will be published, thus 
placing the Project in the public domain. 
Only specific hardware or software imple¬ 
mentations will be proprietary. How many 
D/g/casf transmitters will be made available 
overall will depend greatly on the initial 
venture capital investment. The first unit 
has already been planned for the San Fran¬ 
cisco Bay area, with other areas planned as 
soon as financing permits. 

3M VIDEOCASSETTE 



in two-hour and four-hour langtha for 


the VMS format. This ia the second of two home 
video tape formats for which 3M is supplying 
cassettes, the first being the Beta product 
introduced in 1977. The cassettes are to sell for 
$17.95 and $24.95, respectively. 

iSCET returns to normal 
after year of dissension 

The International Society of Certified 
Electronic Technicians (ISCET) recently 
took some major actions that will go far 
towards restoring ISCET to its former in¬ 
tegrity and intent. R. A. Villont, CET, presi¬ 
dent of NESDA, made the announcement, 
citing past turmoil and dissension that 
threatened to drive a wedge between both 
organizations. 

To underline the effort not to let ISCET 
be controlled by the wishes of a few individ¬ 
uals, the following steps were taken: 1) the 
only legitimate address for ISCET is at 
1715 Expo Lane, Indianapolis; 2) no finan¬ 
cial obligation would be honored by either 
NESDA or ISCET for anyone claiming to 
represent ISCET at any other address; 3) a 
moratorium was placed on all CET testing 
until exams are revised and certification 
administrators re-evaluated; and 4) Ron 


Crow, Jesse Leach and Leon Howland were 
relieved of their positions In ISCET. 

Mr. Villont also stated that a temporary 
ISCET chairman would be appointed until 
members can choose their own chairman, 
with the assurance that it would be some¬ 
one that "the average ISCET member can 
relate to." 

Additional RCA SK replacement 
devices now available 

RCA’s Distributor and Special Products 
Division has developed 145 new SK re¬ 
placements for more than 13,000 solid- 
state devices. This brings the total SK line 
to 900 replacements for more than 150,000 
industry devices. 

Among the new selections are rectifier/ 
damper tubes; new NPN and PNP transis¬ 
tors; SCR/triac combinations; a matched 
diode set; two hybrid power-amp modules; 
plus linear and digital components. Cross- 
reference lists available from RCA distribu¬ 
tors will include the new additions along 
with the entire line of SK solid-state re¬ 
placements. 

Experimental directory help 
via computer 

The day may come very soon when all 
you have to do to receive directory assis¬ 
tance is just pick up the phone and ask the 
computer at the other end. Bell Telephone 
Labs has been (and still is) developing an 
exfjerimental directory assistance system 
that can understand most American dia¬ 
lects and even some foreign accents. 

The system, still in the research stage, is 
based on an automatic word recognizer 
developed earlier by Bell Labs. To recog¬ 
nize a particular spoken word, the comput¬ 
er compares it with a file of stored refer¬ 
ence patterns and comes up with the 
closest match. The earlier system used only 
a few selected speakers and 100 speech 
patterns; the present experimental system 
used a random sampling of 100 American 
speakers (with no speech impediments). 
Their voice patterns formed clusters so 
that each spoken word could be repre¬ 
sented by 12 patterns Instead of 100. Now 
every spoken word can be compared with 
12 reference patterns for each item in the 
computer's vocabulary, which consists of 
the alphabet plus a few digits and com¬ 
mands. If the computer makes a mistake, 
there’s a built-in self-correcting strategy. 

The system however has some draw¬ 
backs. It cannot understand speech imped¬ 
iments or many foreign accents. It is also 
necessary to speak slowly, distinctly and g; 
with a definite pause between letters. How- > 
ever, a combination of word recognition o 
and self-correcting capabilities do make ^ 
the system successful about 97 times out £ 
of 100. R-e (o 
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What’s Your Application? 


A really Interesting data sheet crossed my desk this morning. It 
describes a 12-segment LED display and an LED driver. The pair 
are Intended for bargraph and level applications. You’ll find a 
reproduction of the data sheet elsewhere In this Issue. 


Radio-Electronics® 

Hugo Gornsback (1884-1967) founder 
M. Harvey Gernaback, editor-ln-chlef and 
publisher 

Larry Sleekier, KTX-3644, GET, editor 
Arthur Klelman, KTZ-3288, 
managing editor 
Robert F. Scott, GET, W2PWG, 
KXK-8533. technical editor 
Sonia Graenbaum, copy editor 
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Karl Savon, semiconductor editor 
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Now here’s the challenge. I’d like to see our readers come up with 
some Innovative applications for these units. That means something 
unusual. Interesting and useful. Send us your Ideas along with 
circuit diagrams. You do not have to build a working unit, but we do 
request that all letters be typed and double spaced. We’ll select the 
ones we think are best and publish them later this year. 


Radio Elactronics Is a rnember of the Insti¬ 
tute of High Fidelity and is Indexed In 
Applied Science & Technology Index and 
Readers Guide to Periodical Literature. 


Qernsback Publications, Inc. 

200 Park Ave. 8., New York. NY 10003 
(212) 777-6400 

President: M. Harvey Qernsback 
Vice Prasident; Larry Sleekier 
Treasurer: Carol A. Qernsback 
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For each application we publish, we’ll pay the contributor $10. For 
the three best applications—the Radio-Electronics Editorial Staff 
will select them and their decision Is final—we’ll pay $50 each. All 
entries will, of course, become the property of Radio-Electronics. 


Now go out and do your thing . 


. then fill my mailbox. 
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ALLTHE MOST WANTED FEATURES 
AT A MOST WANTED PRia.. 



Removable cover stores testfi 
set furnished as part of the units 


Available accessories include AC 
adapter, padded vinyl carrying case. 
40KV DC probe. lOAmp DCsnunt. 


X10DCV probe adapts 
for protecting inputw 


.HtoKoK.U303 Digital Multimate 
.ret-S AC Adapter, 115VAC (220 
Deluxe Carrying Case .... 
;VP.10 X10 OCV Probe Adapter 
.CS-1 to A DC Current Shunt .... 
.VP-40 40 KV DC Probe .. 


Account #. 


* 74.95 

HICKOK 


Here is the handfull of 
accuracy you’ve been 
waiting for. Hand¬ 
somely encased. 
Compact. Efficient. 
Only 8 ounces. 
Hickok's exciting, 
new LX 303, 3/2 
f digit Mini-Multime- 
^ ter with high quality 
components, one 
year guarantee 
, and rugged Cyco- 
lac® case offers 
f features previously 
J found only in ex- 
ppensive units. . .at a 
price under $75.00! 
So why wait any 
longer? The 
amazing LX 303 
is here, NOW! 
Another American 
made test equip- 
^ ment breakthrough 
rfrom Hickok, The Value 
Innovator. Order today! 


ok distributor or order below 


TO ORDER CALL TOLL 
800-223-0474 


FREE j 


BIG 'A" HIGH LCD DISPLAY 
USE INDOORS OR OUT 
200 HOUR 9V BATTERY LIFE 
AUTO ZERO. POLARITY, 
OVERRANGE INDICATION 
100 mV DC F.S. SENSITIVITY 
19 RANGES AND FUNCTIONS 


SPECIFICATIONS; 


DC VOLTS (5 RANGES): 0.1 mV to 1000V; 
±0.5% rdg ±0.5% f.s.; Input imped; lOMOjl^ 
input IkV except 500V on 200mV range 
AC VOLTS (40Hz to 5kHz): 0.1 V to 

±1.0% rdg ±0.5% f.s. (- 4 --*-* 

input: 600V, 

RESISTANCE (6 LOW P 
20Mn: Accuracy; ±0.5%ll 
on 20Mn range); input prol 
ranges. . —- - 

DC CURRENT (6 RANQE«):SWrtCKlOOmA; 
Accuracy: ± 1.0% rdg ±0.5% ^ 

DIMENSIONS AND VlfEIGHT: 5-7/r X 3-3/8" x 
1-3/4", 8 oz.; POWER: 9V batt*^ (not included) 
Hickok AC adapter; READ RATE: 3/sec. 


or 
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DIGITAL ON-SCREEN CLOCK 

We constructed the clock described in 
the July 1977 issue of Radio-Electronics 
(“Build This Digital On-Screen TV Clock”). 
The monitor TV is a Sylvania model D-12. 
We elected to use a 6-digit, 12-hour dis¬ 
play. There is one control problem that has 
proved baffling. 

If the RECALL pushbutton is held closed in 
order to set the time for more than approx¬ 
imately 7 seconds, the display remains on¬ 
screen permanently. The timing pot circuit 
and pot check out OK. Adjusting the pot 
has no effect on the display, and all the 
other controls function normally. The clock 
timing is good, and the display is clear and 
sharp. 

The following display timing parts have 
been checked and/or changed: IC1, IC2, 
R18, R13, C9, C8: and the board soldering 
has been checked out. 

We have one small refinement to sug¬ 
gest. The video output transistor 03 will be 
operating fairly close to its maximum volt¬ 


age rating on many tube or hybrid TV’s, 
and some sort of buffer circuit should be 
used to isolate this high voltage from the 
collector of 03. 

J. G. ASH 
Allentown, PA 

In looking over the circuit, it looks to me 
as if in the clock's off state, the Input of 
IC2-a is held low by pull-down resistor R13. 
This makes the IC2-a output high, charging 
C8. This causes the input to IC2-b to go 
high for a period determined by the setting 
of R18—the higher the resistance of R18, 
the longer it takes for the negative side of 
C8 to attract enough electrons for the input 
of IC2-b to become low. 

During IC2-b's high input state, its output 
Is low. This does two things: C9 is dis¬ 
charged and IC2-C is gated off, thus turning 
off the MM5841 external oscillator circuit, 
and no digits appear on screen. When the 
input of IC2-b reaches the low state, as 
electrons travel through R18 to the minus 


side of C8, the IC2-b output goes high. This 
accomplishes two things: it tries to charge 
C9 and it gates IC2-c on, running the oscil¬ 
lator and displaying the digits on the 
screen. As C9 charges by electrons coming 
up from ground through R13 to the nega¬ 
tive side of IC2-a, after from 4 to 6 seconds, 
it finally brings the input of IC2-a low 
again—and we’re back where we started. 
Switch SI merely bypasses R18, allowing 
you to make the output of IC2-b high at 
will. 

Bearing this in mind, it appears that 
whenever the display is on, the IC2-b out¬ 
put is high, and therefore the input is low. It 
is possible that R18 is set to such a low 
resistance value that the C8-R18 time con¬ 
stant is within the range of the C9-R13 time 
constant. Set R18 to a higher value, or add 
about a 100K resistor between the “top” of 
the DEFEAT switch between the 12-volt posi¬ 
tive input and the input to IC2-b, isolating it 
with a series 10K resistor. This will force the 
continued on page 22 


wire wrapping center 



$J4.95 


lUIRE UlRRPPinC KIT UJK -5 


CONTAINS: 

Battery Tool BW-630 
Hobby Wrap Tool WSU-30 M 
PC Edge Connector CON-1 
DIP/IC Extractor Tool EX-1 
DIP/IC Insertion Tool INS-1416 
PC Card Guides & Brackets TRS-2 
Mini-Shear with Safety Clip SP-152 
14, 16, 24 and 40 DIP Sockets 
Terminals WWT-1 

Tri-Color Wire Dispenser WD-30-TRI 
Board H-PCB-1 


OK MACHINE & TOOL CORPORATION 


3455 Conner St., Bronx, N.Y. 10475 (212) 994-6600 / Telex 125091 
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ALL NEW AND ADVANCED DMM 

by Sabtronics 

for only $89.50 


-/. '=1 '- 1 '-/ 

V^-nA COMMON 10A MAX 

■ 200 20k 2M 

m *on ADC m. m 

■ .^ONO.ACAV tOOntOlk 

1 unn nnnn 

sabtronics 0 1 

1 MODEL 201QA DIGITAL MULTIMETER I 


The new and advanced Sabtronics Model 
201OA is absolutely amazing ... it gives 
you more performance, features and 
accuracy at a price no other Digital Multi¬ 
meter can approach. It is versatile and 
rugged, for bench and portable use, with 
laboratory standard accuracy. 

Greater Long-Term Accuracy 

State-of-the-Art design features include 
a laser-trimmed decade resistor net¬ 
work and an ultra-stable band-gap refer¬ 
ence element to insure long-term 
accuracy. Basic DCV and Ohms accuracy 
is 0.1% ±1 Digit, guaranteed for one 
year. With 31 ranges and 6 functions 
you can measure AC and DC volts from 
100 fiV to 1000V; AC and DC current 
from 0.1 juA to 10 A; resistance from 
0.1 n to 20 Mn. 


Unique X10 Multiplier Switch 

This exclusive feature of the Model 
201 OA gives you a convenient means of 
selecting the next higher decade range. 
The Hi-Lo Power Ohms capability gives 
you three High-ohm ranges that supply 
enough voltage to turn on a silicon junc¬ 
tion for diode or transistor testing. 
Measure in-circuit component resistance 
with three Low-ohm ranges. 


Touch and Hoid Capability 

The optional touch and hold probe allows 
you to make measurements in hard-to- 
reach places without taking your eyes 
off the probe tip. A button on the probe 
retains the display reading after the 
probe tip is removed from the test point. 


Other Important Features 

This quality instrument includes an ACV 
Frequency Response of 40 Hz to 40 
kHz, automatic polarity, automatic zero, 
automatic decimal point, overrange 
indication, and overload protection on 
all functions and ranges. The bright LED 
display gives readings to ±1999 and is 
easy to read in dim light or bright light. 

Reliability and Performance at 
Low Cost 

The Model 201 OA is factory tested, cali¬ 
brated and is supplied complete with 
test leads, probes and detailed operating 
manual. A full compliment of optional 
accessories is available to increase the 
versatility of your 201 OA DMM. Because 
you buy factory direct, you get this high- 
quality, full performance instrument at 
an incredibly low price of only $89.50. 


Brief Specifications 

DC Volts: lOO^V to 1000V in 5 ranges 
AC Volts: lOOfiV to 1000V in 5 ranges 
DC Current: 0.1/iA to 10 A in 6 ranges 
AC Current: O.VA to 10 A in 6 ranges 
Resistance: 0.1 n to 20 Mn in 6 ranges 
Diode Test Current: 1mA 

ACV Frequency Response: 40Hz to 40kHz 
Input Impedance: 10 Moon ACV and DCV 
Overload Protection: 1200 VDC or RMS on all 
voltage ranges except 250 VDC or RMS on lOOmV 
and 1 V AC ranges. Fuse protected on ohms and mA 
ranges. 

Power Requirement: 4.5 to 6.5 VDC (4 "C'cells) 
optional NiCd batteries or AC adapter/charger 
Display: 0.36” (9.2mm) Digits reading to ±1999 
Size: 8"W x 6.5”D x 3"H (203 x 165 x 76 mm) 
Weight: 1.5 lbs. (0.68kg.) excl. battery 

(Batteries not included) 

Orders Yours Today 

Call us with your Mastercharge or Visa 
order or use the convenient order form 
to take advantage of this special intro¬ 
ductory offer. 


Making Performance Affordable 

sabtronics 0 

1 342B Floyd Circle IWS 35 • Dallas, Texas "75243 
Telephone 214/7B3-O004 


To: Sabtronics International, Inc., 13426 Floyd Circle M/S 35, Dallas, TX 75243 

PLEASE SEND ME THE FOLLOWING: 


lA Digits 


_ AC Adapter/Charger(s). 

_ Nickel-Cadmium Battery sets. 

For delivery in Texas, add Sales Tax... 

Shipping, Handlim 
□ Check enclosed □ Money Order, or bill my □ k 


-II & PR, $5.00. Canada: $6.50. Foreign: $19.00 Ai 
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electronics 
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t raining 

front 

specialists* 

If youVe interested in learning how to fis air 
conditioners, service cars or install heating 
systems—talk to some olher school. But if 
you’re serious about electronics, come to 
€I£ —The Electronics {Specialists. 
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M y father always told me that 
there were certain advan¬ 
tages to putting all your eggs in one 
basket. “John,” he said, “learn to 
do one important thing better than 
anyone else, and you’ll always be 
in demand.” 

I believe he was right. Today is 
the age of specialization. And I 
think that’s a very good thing. 

Consider doctors. You wouldn’t 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you’d want a 
specialist. And you’d trust him. Be¬ 
cause you’d know if he weren’t any 
good, he’d be out of business. 

Why trust your education 
and career future to 
anything less than a 
specialist? 

You shouldn’t. And you certainly 
don’t have to. 

FACT: CIE is the largest inde¬ 
pendent home study school in the 
world that specializes exclusively 
in electronics. 

We have to be good at it because 
we put all our eggs in one basket: 
electronics. If we hadn’t done a good 
Job, we’d have closed our doors 
long ago. 

Specialists aren’t for 
everyone. 

I’ll tell it to you straight. If you 
think electronics would make a nice 
hobby, check with other schools. 

But if you think you have the 
cool—and want the training it takes 
—to make sure that a sound blackout 
during a prime time TV show will be 
corrected in seconds—then answer 
this ad. You’ll probably find CIE has 
a course that’s Just right for you! 

At CIE, we combine 
theory and practice. Tou 
learn the best of both. 

Learning electronics is a lot 
more than memorizing a laundry list 
of facts about circuits and transis¬ 
tors. Electronics is Interesting be¬ 
cause it’s based on some fairly recent 
scientific discoveries. It’s built on 
ideas. So, look for a program that 
starts with ideas—and builds 
on them. 

That’s what happens with CIE’s 
Auto-Programmed® Lessons. Each 
lesson uses world-famous 
“programmed learning” methods to 
teach you important principles. You 
e^lore them, master them com¬ 
pletely ... before you start to 
apply them! ) 

But beyond theory, some of our 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact, depending on the course 
you take, you’ll do most of the basic 
things professionals do every day— 
things like servicing a beauty of a 
Zenith color TV set... or studying a 
variety of screen display patterns 
with the help of a color bar generator. 


ITus there’s a professional quality 
oscilloscope you build and use to 
“see” and “read” the characteristic 
waveform patterns of electronic 
equipment. 

You work with experi¬ 
enced specialists. 

When you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team of technical specialists. If you 
need specialized help, you get it fast 
... in writing from the faculty spe¬ 
cialists best qualified to handle 
your question. 

People who have known 
us along time, think of us 
as the ’’ECC License 
School.” 

We don’t mind. We have a fine 
record of preparing people to take ... 
and pass... the govemment- 
administered FCC License exams. 

In fact, in continuing surveys nearly 
4 out of 5 of ortr graduates who take 


the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics — and it can be a 
valuable credential anytime. 

Find out more! Mail this 
card for your FREE 
CAIALOG today! 

If the card is gone, cut out and 
mail the coupon. 

I’ll send you a copy of CIE’s 
FREE school catalog, along with a 
complete package of Independent 
home study information. 

For your convenience. I’ll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, if you are serious 
about learning electronics... or 
building upon your present skills, 
your best bet is to go with the elec¬ 
tronics specialists —CIE. Mail the 
card or coupon today or write CIE 
(and mention the name and date of 
this magazine), 1776 East 17th 
Street, Cleveland, Ohio 44114. 



Patterns shown on TV and oscilloscope screens are simulated. 


CIE 

Cleveland Institute of Electronics, Inc. 

1776 East 17th Street. Cleveland. Ohio AA^^A 

Accredited Member National Home Study Council 

1 1 YES ... John, I want to learn from the specialists In electronics —CIE. 

Send me my FREE CIE school catalog — Including details about troubleshooting 
courses — plus my FREE package of home study information. 


A 



Zip i 

Age 

Phone(area code)- 


Check box for G. I. Bill information: □ Veteran 

Mail today! 


A 
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output of IC2-b low, killing the display and 
starting a new C8-R18 timing cycle. You 
might also have to use a better-quality 
capacitor for C8. One final suggestion— 
don’t hold switch SI on for too long a 
time—set the dock In short cycles. 

FRED BLECHMAN 

SAGA OF AN AUDIO COMPRESSOR 

Len Feldman’s article on RG Dynamic’s 
Pro-16 Signal Processor (Radio-Electron¬ 
ics, September, 1978) brought tears to my 
eyes but joy to my heart. His glowing report 
did much to lighten the burden of guilt I’ve 
been carrying ever since the Hollywood 
1930’s, when John Aalberg, Steve Dunne, 
Jim Stewart and I (of the RKO-Radio Pic¬ 
tures sound department) developed and 
put to use the first audio compressor ever. 

We dubbed our compressor the “Iron 
Man’’ because it kept recorded speech 
from overshooting the sound track, thus 
saving many a jumpy mixer from a nervous 
breakdown. But, most important, it saved 
the day for RCA, whose recording system 
competed with Western Electric’s (industry 
name: ERPl) in the fledgling sound movie 
business. 

Before the advent of our compressor, 
ERPl had us hanging by our thumbs in 
speech reproduction—walking off with Os¬ 
car after Oscar. With their variable density 
recording (H & D curve, built-in half-cycle 
compression), they had no need to worry 
about what Fletcher-Munsen already knew: 
the ear is nonlinear (expansive) at theater 
levels. 

At that time, speech on RCA’s variable 
area system jumped and barked; it died 
right into the noise threshold one moment, 
or knocked your hat off the next. But ERPl 
just talked along at any level—smug and 
smooth as silk. 

Of course, our compressor changed all 
that. Almost overnight, RCA became re¬ 
spectable and then we began to walk away 
with our share of Oscars. 

But now comes the sad part. Little did we 
know that we had created a monster. In 
those days, our only concern was that thea¬ 
tergoers should understand what our ac¬ 
tors were saying. Nobody in his right mind 
thought of using compression on music 
(just mildly on vocals) because we knew 
that music, to be vital, needed all the range 
it could get. Not only was it stupid to 
compress music and take the life out of it, it 
was immoral. How naive can you get? 

We all know what happened. As soon as 
the wise guys found out that compression 
raised the average power and/or modula¬ 
tion (to say nothing of making it possible to 
employ sound mixers of little talent and no 
taste), they forced our sweet, innocent 
compressor into a life of crime, into a 
device that squeezes into degradation ev¬ 
erything that comes its way. Today, even 
with the most advanced hi-hi equipment, 
we hear nothing on FM except mangled, 
choked, squashed, squelched, stifled, 
clammy, pulpy MUSH! 

Now Feldman has given me hope ... I 
trust him, and what he wrote about the Pro- 
16 makes my mouth water. 

CLEM PORTMAN 

San Clemente, CA R-E 


You don’t waste a second 
on “mechanics” with 
A P Ali-Circuit Evaluators. 

You figure out the circuit you want, 
then piug it in tor testing. You decide 
to improve your iayout, and you 
make your moves as quickly as you 
think them up. There’s just no taster 
or easier way to build and test cir¬ 
cuits and circuit ideas. 

But just because breadboarding 
is now such a cinch, don’t get the 
idea that you don’t have electronic 
integrity. Our solderless plug-in tie 


points are made ot a special non¬ 
corroding alloy. Use them as often 
as you like. 

How many tie points do you need? 
Our smallest ACE has 728, our larg¬ 
est has 3,648. And all ot them 
accept all DIP sizes. 

Everything Is quality all the way. 
You can even see the difference 
in our harder, shinier plastic matrix. 

See tor yourself. Phone (toll-free) 
800-321-9668 for the address ot your 
nearby A P Products dealer. And 
ask tor our complete A P catalog. 
The Faster and Easier Book. 


AP PRODUCTS 
INCORPORATED 

Box 110 • 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354-2101 
TWX: 810-425-2250 


Faster and Easier is what we re all about. 
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Krohn-Hite Corp. Model 
1200 Sweep Generator 
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ALTHOUGH I’VE KNOWN ABOUT THE KROHN- 
hite Corporation (Avon Industrial Park, 
Bodwell Street, Avon, MA 02322) for a while, 
this is the first time I’ve worked with one of 
the company’s test instruments. I’m quite 
impressed with the new model 1200 sweep 
generator—a simple name for a very versatile 
instrument. 

The model 1200 is a complete function 
generator—producing sine, square and trian¬ 
gle waveforms—as well as a sweep generator. 
The frequency coverage is from 0.2 Hz to 3.0 
MHz in three ranges. The main frequency dial 
is log-calibrated from 0.2 to 300, and pushbut¬ 
ton multiplier switches marked X1, X100 and 


X lOK select the frequencies. The dial accura¬ 
cy is ±5% at four settings—0.2, 10, 100 and 
300—and ± 20% elsewhere. A vernier control 
with a ± 5% frequency range can be used to set 
precisely on any frequency. 

The waveforms are pushbutton-selectable. 
All the outputs are very low-distortion, with 
the sinewave output less than 0.5%, the trian¬ 
gle-wave linearity better than 99%, and the 
squarewave having a risetime and falltime less 
than 40 ns. Other pushbuttons control sweep 
selection and sweep multiplication, and a DC 
OFFSET switch can be used to offset the DC 
level of any waveform by ± 10 volts in open 
circuit. A separate vernier control for this DC 
voltage is located just below the DC offset 
switch. 

The bottom of the front panel contains the 
BNC output jacks. The high and low outputs 
have a 50-ohm impedance. The high output 
delivers up to 20 volts P-P, open circuit, and 
the low output is —20 dB less, or 2.0 volts. The 
output level is handled by the amplitude 
control, located just above the outputs. 

The output linearity of the model 1200 is 
amazing. Place a waveform on an oscilloscope 
at any level and tune over the full range; the 
pattern stays put. On sweep, the pattern is just 
as flat. The manufacturer claims less than 0.1- 


dB variation from end to end. I believe it; I 
used a wideband scope. 

You can set the model 1200 to sweep any 
desired frequency range. Just press the sweep 
pushbutton. There are two positions on this 
control for the sweep duration: the first from 
1.0 second to 1.0 ms; the sweep time is variable 
by the duration control on the panel. In the 
sweep multiplier mode or X1K position, the 
time is extended from 1.0 second to 1000 
seconds. 

The setup is simple. Press the sweep button, 
then adjust the main dial to where you want 
the sweep to start. Hook up a scope to the 
output. When you observe the frequency is 
sweeping, set the control marked start freq 
until the frequency stops sweeping. The con¬ 
trol is now set to exactly the dial frequency. 
Move the dial marked STOP FREQ to where you 
want the frequency to stop sweeping, and there 
you are. To sweep from a low to a high set 
frequency, turn the dial to a higher frequency. 
To sweep from high to low, set the dial to a 
lower frequency than the first. Once the start 
FREQ control is set, you can sweep from this 
point to any desired frequency by moving only 
the main dial. You can cover any frequency 
band within the range of the instrument. The 
_ continued on page 26 


fix it on the spot! 


SOAR’S portable, battery-operated counters and 
multimeters are so light and convenient that you can 
take them anywhere your ham or CB equipment goes. 
Two models have been engineered specifically for 
the radio hobbyist and CB operator. 



This seven-digit counter 
covers the entire ham and CB 
ranges from 10 Hz to 60 MHz. 

The tilt-view stand all-steel 
case and the 3" high LED readout make troubleshooting 
easy no matter where you are. Supplied with four AA 
batteries, the counter can also be plugged into any AC outlet 
(AC adapter optional) or your car's cigarette lighter. 

Price: $90.00 

S-20 ANALOG MULTIMETER 

At our price and for all its features, this 
instrument has no equal. The rugged 
d’Arsonval meter movement guarantees 
accuracy and sensitivity—30,000 ohms 
per volt DC. And let's not forget the five 
function modes-DCV, ACV, DCmA, 
Ohms, and dB —and the twenty 
measurement ranges. Price: $35.00 

Call or write TODAY to find out more 
about the FC-841 and S-20—and 
why not also inquire about our compiete line of 
multimeters and frequency counters. 



THE BIG PLUS + 
Graphic Equalizer 



• Stereo . . . Eleven Bands Per Channel • Extremely Low 
Noise & Distortion • LED Peak Indicators • Center Detent 
(“flat”) sliders • Built-in “record” Switching • Line and Micro¬ 
phone Level Inputs/Outputs • Regulated Power Supply • 
Fully Guaranteed • Horizontal or Vertical Cabinets • Kit or 
Fully Assembled • Plus Much, Much More! 
Absolutely equals or exceeds overall performance 
and features of any graphic equalizer made today! 


AARON-GAVIN INSTRUMENTS, INC. 


17231 Corla Avenue Tustin, California 92680 
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Dealer inquiries invited 
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Learn MICROPROCESSOR OPERATION, INTERFACING 
and PROGRAMMING faster, easier and at less cost 
with the HEATHKir 
Microprocessor I 

Seif’Instruction Program | 


and Computer Trainer 

Here’s the newest, easiest and lowest-cost self-in¬ 
struction microprocessor program ever! What’s more, 
it’s the fastest way to really learn about this fascinating 
field with applications in every phase of our everyday 
lives. From automotive diagnostics to the microwave 
oven in the kitchen to the computers that are taking on 
more jobs in the home, schools, government, business 
and industry every day! 

Working with the popular 6800 microprocessor, you’ll 
explore this exciting field using proven self-instruction 
text materials. You’ll learn about micro-computer basics, 
number systems and codes, computer arithmetic, pro¬ 
gramming, 6800 capabilities and interfacing and more. 
With the aid of audio visuals included, you’ll go deeper 
into programming, designing with microprocessors and 
semiconductor memories. And you’ll actually perform a 
whole series of “hands on” experiments with the op¬ 
tional trainer designed to reinforce the theory you’ve 
mastered to that point! 

The ET-3400 Trainer kit, designed to accompany your 
program, features the popular 6800 microprocessor. It is 
actually a miniature digital computer in itself, complete 
with a: IK ROM monitor program; 6 digit LED display for 
address and data readout; 17-key hexadecimal keyboard 
for entering programs, data and control; 256 bytes of 
RAM (expandable to 512 bytes with the chips supplied 
in the course); breadboarding socket; 8 buffered LED’s 
for display of logic states; 8 SPST switches for binary 
input plus an on-board power supply with -t-5, -I-12 and 
-12 volt outputs. 

The Program comes complete with 62 electronic com¬ 
ponents, including a 6820 PIA, two 2112 RAM’s, a 1406 
digital-to-analog converter, 741 and 301 op amps and 
more. Inciudes audio visual aids such as an audio cas¬ 
sette, colorful flip charts and programmed learning text 
material in two deluxe permanent binders. 

Complete the optional exam and receive a Certificate 
of Achievement and 8.0 Continuing Education Units 
(CEU’s) — a nationally accepted means of recognizing 
participation in non-credit adult education. (Note: Micro¬ 
processor Program requires completion of Digital Tech¬ 
niques Program or equivalent knowledge.) 

ORDER ETS-3400 

(Program and Trainer kit). 

(Add $4.54 shipping and handiing) 



ORDER YOUR PROGRAM WITHIN THE 
NEXT 30 DAYS AND GET THIS BONUS 
SOLDERING 
IRON! 

A Comparable $7.95 Value! 



'//A 

FOR THOSE WHO NEED 
DIGITAL TECHNIOUES TRAINING... 

Comprahansive Digital Tachniquea Program - the background you need to 
understand computer and modern electronic technology! Digital fundamen¬ 
tals, semiconductor devices for digital applications, Boolean algebra, flip- 
flops and registers, sequential and combinational logic circuits, digital de¬ 
sign and an Introduction to computers and more! The program Includes pro- 

? rammed instruction text, audio-visual aids, parts for experiments and more. 

he program Includes programmed instruction text, audio-visual aids, parts 
for experiments and more. Digital Design Experimenter/Trainer lets you per¬ 
form all the experiments in the program, then develop and test your own 
projects. Features solderless breadboard sockets, 4 binary data switches, 2 
"no bounce” switches to pulse logic circuits, 3-lrequency pulse clock gen¬ 
erators, 4 LED’s for visual indication of logic states plus 3 regulated power 
supplies. Upon completion of the optional final exam, you receive a Certifi¬ 
cate of Achievement and 4.0 Continuing Education Units. $10095 

ORDER EES-3201 (Program and Trainer Kit) . I AT 

(Add $3.94 shipping and handling) 

SAVE ORDER BY PHONE! 

TIME Cali (616) 982-3411 

anytime day or night 

Company, Dept. 020-511 
Benton Harbor, Michigan 49022 ■ 

■ Gentlemen: Please send me the Item(s) checked below and include my a 
FREE Soldering Iron (GDP-1105). | 

H □ Microprocessor Program and Trainer Kit (ETS-3400).$269.95 ■ 

* ( + $4.54 shipping & handling) ■ 

I □ Microprocessor Program only (EE-3401).$89.95 ■ 

■ (+$3.09 shipping & handling) " 

□ Digital Techniques Program and Trainer Kit (EES-3201).$129.95 | 

■ ( + $3.94 shipping & handling) b 

I " I enclose □ check □ money order for $_; OR, W 

(Michigan residents, add 4% sales tax) ■ 

_ CHARGE to my □ VISA/BankAmericard □ Master Charge J 

M Account #_Exp. Date- 1 

I Master Charge Code #_ | 


(Necessary to send merchandise) 


MAIL COUPON TODAY! 
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amplitude of the sweep signal and that of all 
other signals, is controlled by the amplitude 
control. 

The front panel also contains a TTL output, 
which is set at the dial frequency. This can 
drive up to 10-TTL loads with a risetime and 
falltime of less than 15 ns. This output can be 
used for triggering, blanking or any other 
function. On the left is a jack marked vc in 
that is used to control the frequency of the 
oscillator by feeding in a voltage between 0 and 
± 3. This will give a variation of the generator 
frequency of 1500:1. Feeding in a sinewave 
gives a frequency modulation of the output 
signal around the dial setting. 

Another output marked cv out is a DC volt¬ 
age output that is always directly proportional 
to the generator frequency and ranges from 
-1-2.0 mV to -F3.0 volts. You can hook up a 
digital voltmeter here to monitor the frequen¬ 
cy or to drive an X-Y plotter, etc. 

There’s another output marked ramp to the 
left of the TTL output. In the sweep positions, 
this produces a -I-5.0-volt P-P sawtooth wave¬ 
form with a frequency that you adjust from 
0.001 Hz to 1.0 kHz by moving the duration 
control. The ramp retrace is less than 75 /is, at 
a 600-ohm impedance. 

While the model 1200 is far from a simple 
instrument, its design and construction defi¬ 
nitely is. Built on a single large PC board, it 
contains discrete components and devices that 
perform many of the functions often found in 
only one IC. This also impressed me. You 
should have no trouble at all making repairs if 


needed, and the instrument carries a year’s 
warranty. 

The instruction manual is so plainly written 
that even I can understand it (that’s saying 
something!). Complete operating and calibra¬ 
tion instructions are included, along with a 
detailed explanation of how every circuit oper- 

Heathkit Micoder 11 Model 
HD-1984 
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HEATHKirs M/coder ii. model hd-i9S4 ($34.95), 
would make a fine addition to a mobile two- 
meter transceiver setup in your vehicle. It 
allows you to place a phone call to a local 
garage or police station, or to call home to 
explain that you will be late for supper. Anoth¬ 
er important advantage is that it can be used to 
obtain directions in a strange city. And, most 


important, it could be a real lifesaver in an 
emergency or breakdown. 

As claimed, the model HD-1984 Micoder II 
(Heath Company, Benton Harbor, MI 49022) 
is truly a single evening’s project even if you’re 
not entirely at ease using the soldering iron and 
hand tools required for assembly. There should 
be little reason for it to take longer unless your 
evening’s free time is limited to an hour or so. 

In the Micoder II, soldering is important 
since there is little room for error because the 
entire unit is contained inside the microphone 

After assembly, the unit operated as soon as 
the battery was installed. A cursory check with 
a small audio amplifier made sure the sounds 
of the various tones seemed correct, and that 
there was audio from the microphone. 

Next, the unit was connected to the station 
transceiver for the over-the-air test. With the 
level control (R103) adjusted to approximately 
near the center of its range, the proper tones 
were generated to access the phone-patch of 
one of the loeal repeaters. The access tone 
immediately provided a dial tone in the station 
receiver. Once accomplished, the rest of the 
various digits of the telephone number were 
completed, and the called-party’s phone rang 
perfectly. 

The next test was to make sure that the auto¬ 
patch would “dump” or be disconnected when 
instructed to do so by the operator. In our local 
test case (as in many other parts of the coun¬ 
try) this is accomplished by dialing the “#” 
sign. This also worked, the repeater discon¬ 
nected itself from the phone lines and the call 
was complete. 

All tones in the Micoder II are generated by 

continued on page 32 



RCA Receiving Tubes Mean Business! 


You can get all the receiving tubes you 
need from your RCA Distributor. . . 

Miniatures, Novars, Compactrons, 
Nuvistors, Glass tubes, Metal tubes ... 
Over 1000 types, produced to RCA’s 
exacting standards. 

Plus many RCA service aids and busi¬ 
ness aids to add to your efficiency and 


promote your business . . . Tube Cad¬ 
dies, service tools, technical literature 
and a wide assortment of in-store signs 
and displays. 

See your RCA Distributor for all your 
tube needs. 

RCA Distributor and Special Products 
Division, Deptford, N.J. 08096. 
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Train with NTS for the 

Microcomputers, digital 
the first name 


The world of electronics is daiiy becoming more 
challenging. Technology is growing more, specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid-state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS/Heath digital color TV (25" diagonal 
with optional programming capability), NTS/Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu-trainer, 
plus much more state-of-the-art equipment to make 
your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 


background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit-building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. This is the Project-Method, and it works. 
Step-by-step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 
Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 
several areas of electronics. An all-new full-color 
NTS catalog shows you what each course covers. 
















electronics of the future. 



systems and more...from 
in home study. 


and every piece of equipment included. 

Send for it today, and see for yourself what’s really 
happening in electronics training technology at NTS. 
Find out how much has changed, and what new 
directions the field is taking. You’ll probably want to 
be a part of it. 

It’s free. Just mail the card or coupon. Today. 


NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 


NATIONAL 


SCHOOLS 


TECHNICAL-TRADE TRAINING SINCE 1905 
Resident and Home-Study Schools 
4000 South Figueroa St., Los Angeles, Calif. 90037 


NATIONAL TECHNICAL SCHOOLS 206-039 

4000 South Figueroa Street, Los Angeles, California 90037 
Please send FREE Color Catalog and Sample Lesson. 


□ Color TV Servicing 

□ B & W TV and Radio Servicing 

□ FCC License Course 

□ Eiectronic Communications 

□ Eiectronics Technology 

□ Audio Electronics Servicing 

□ Digital Electronics 

□ MicroComputers/MicroProcessors 


Apartment Number _ 

City _ 

State _ 
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using a 3563.795-kHz crystal connected to a 
16-pin IC. Since the unit is crystal-controlled, 
it is extremely stable and quite free of extreme 
variations normally encountered by a mobile 
mike. The crystal control also makes adjusting 
the tones unnecessary. The project is a one- 
evening job (as advertised) since there is virtu¬ 
ally little to do but to mount the components 
on the board and then insert the board into the 
case. R-E 

Leader Model LCG-397 
Color-TV 

Analyzer-Generator 



LEADER INSTRUMENTS CORE. (151 DUPONT 
Street, Plamview, NY 11803) has produced a 
new compact battery/AC-powered color-TV 
analyzer-color bar generator. The model LCG- 
397 is quite a small instrument. It measures 


only 2 inches high, 6 inches wide and 4.5 
inches deep, but it can do a great many things. 
The front panel shows the many patterns it can 
generate: all 15 of them regular patterns plus a 
gray-raster, unmodulated video carrier and a 
subcarrier signal. Six pushbuttons below each 
vertical row of patterns, and a three-position 
toggle switch to the right make it easy to set up 
the pattern you want; including all the stan¬ 
dard convergence, crosshatch, dots, V- and Hi- 
line patterns. It also generates a single-cross 
pattern or a single-dot pattern. 

Any of these patterns can be injected into 
the TV set as an RF signal, (on Channel 5 or 
Channel 6); as a video IF signal (which makes 
it useful as a tuner substitute), or as a video 
signal. Both the video IF and RF outputs are 
3(X) ohms, and the video output is 75 ohms. 
The video IF and RF outputs are 10 mV, and 
the video output is 1.0 volt P-P sync-negative. 
The video and RF outputs can be used simulta¬ 
neously if needed. A scope-trigger signal for 
vertical (field) or horizontal (line) is also 
provided, along with a selector switch. This 
signal is 5 volts P-P. All pushbuttons are of the 
plainly marked and color-coded push-push va- 

Some unusual and handy tests can be done 
with the model LCG-397. A variable control 
on the front panel lets you adjust the burst 
amplitude. Turning this control fully counter¬ 
clockwise switches it to the CALibrate position 
for standard burst amplitude. Up to 150% 
normal burst can be provided, useful for 
checking the color-sync and the injection-lock 
type of color oscillator circuits. An added 
feature is provided: When you turn the burst 
control down, the color should become more 
saturated in the last few degrees. If it does, this 


shows that the ACC (>4utomatic Color Con¬ 
trol) is working. When the burst is reduced, 
this circuit thinks that the signal is fading and 
raises the gain of the bandpass amplifiers. 

The color-bar patterns include the familiar 
10-bar keyed rainbow, a handy three-bar (R,G 
and B) pattern, and an unkeyed rainbow. The 
three-bar pattern is handy for quick phasing 
and demodulation checks, etc. For example, on 
the B-Y signal, you should see one high pip 
near the center and only very small pips for the 
other two—R and G. On the R-Y signal, the 
red bar should be high, and so forth. This also 
creates a nice vectorscope pattern. 

Leader has prepared a new expanded in¬ 
struction manual for the model LCG-397. It 
covers not only setup and testing of the instru¬ 
ment, troubleshooting and recalibration, but 
also goes into great detail on many other tests. 
These include not only tests of the color 
circuitry but also the video bandwidth, AGC 
sensitivity, etc. Many tests for VTR systems 
are also shown, along with scope patterns and 
line drawings. This manual is actually a handy 
short course in color-TV trouble analysis! 

All cables and test leads come with the 
model LCG-397. A 300-ohm cable with clips is 
used for the video IF and RF output, and three 
color-coded test leads, (also with clips) are 
used for the video output, ground and the 
scope-trigger signal. The instrument is power¬ 
ed by four C cells (provided) for portable use. 
A model LPS-166A AC adapter can be used 
for bench work; it plugs into a socket on the 
left-hand side of the instrument case. When 
the adapter is used, the internal batteries are 
disconnected. Leader recommends you remove 
the batteries when the instrument is used on 
continued on page 36 



mP-spensep" 

♦ A completely flexible 
production I.C. dispenser 

♦ Expandable to 40 stations 

» Safe for CMOS/MOS devices 
» Modules vary from .300" to 
.600" center spacing 

♦ Holds all I.C. tubes securely 


Little Qippep® 

* Fastest manual DIP inserter 
on the market 


TECHNI-TOOLi 


BUILDING BLOCKS FOR 
MICROCOMPUTER SYSTEMS, 
CONTROL & TEST EQUIPMENT 



R2 I/O 

3 SERIAL PORTS 1 PARALLEL PORT 



TT-10 

TABLE TOP MAINFRAMES 



ECT-100-F 

RACKMOUNT CARD CAGES 

POWER SUPPLIES, CPU’s, 
MEMORY, OEM VARIATIONS 


SPECIALIZING 

IN 

QUALITY 

MICRO¬ 

COMPUTER 

HARDWARE 

INDUSTRIAL 
EDUCATIONAL 
SMALL BUSINESS 
PERSONAL 


ELECTRONIC 

CONTROL 

TECHNOLOGY 

763 RAMSEY AVE. 
HILLSIDE. N.J. 07205 

( 201 ) 686-8080 
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S electing a DMM isn’t simply a matter of 
looking for the highest accuracy. It’s a 
more complex process of deciding what 
features and performance characteristics 
you need, to do as many different jobs as 
you’re likely to encounter. In short, versatil¬ 
ity is just as important as accuracyl 
The new 2830 digital multimeter from 
B&K-PRECISION has all the popular fea¬ 
tures you’d expect to find on a 3V2 digit lab 
DMM, but it also offers some very uncom¬ 
mon features. Because a DMM may be 
used under poor lighting conditions or in 
a very bright environment, the 2830 uses 
bright, high-efficiency 0.43" high LED 
digits. The readability of this premium dis¬ 
play is unmatched by other readout 
devices. 


The 2830 is also one of the very few DMM’s 
available with a 10 ohms range, capable of 
.01 ohm resolution. This range offers the 
user accurate resistance measurement of 
switch and point contacts, or motor or coil 
condition. AC and DC current measure¬ 
ment capability extends from 100 nA to 20 
amps without the need for external plug-in 
shunts. For voltage measurement, the 2830 
can resolve as little as 100 /i.V. For 
maximum versatility in resistance mea¬ 
surement, selectable high-/low-power 
ohms permits resistance measurement 
with or without forward biasing semicon¬ 
ductor junctions. 

The unit is housed in an attractive rugged 
cabinet which features a combination tilt 
stand/handle. Options include a battery 


pack for field use and a carrying case. 
B&K-PRECISION’s 2810 DMM offers many 
of the features of the 2830 but in a more 
compact package and at a substantially 
lower price. Features include 100 jiV, .01 
ohm resolution; high-/low-power ohms; 
autozeroing; high immunity to RF interfer¬ 
ence and complete portability. 

Free DMM Selection Guide 

A new B&K-PRECISION DMM selection 
guide is now available. This full-color 
brochure details features, applications 
and specifications. It also includes details 
of a new probe that turns any DMM into a 
digital thermometer. Send for your free 
copy today! 


r DYNASCAN 

r CORPORATION 

6460 W. Cortland Street • Chicago, IL 60635 • 312/889-9087 


'Si(PR£CISm 
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The last time you saw a really new 
bench/portable DMM was w2. 



That's the year our 8000A was 
introduced. Its custom LSI and soHd 
owner benefits quickly established 
it as the world's leading DMM. 

Now, look at the new 8010A 
and 8012A: single-chip CMOS de¬ 
signs for problem-solving in the 
eighties! 

RAZOR- SHARP LCD for large, 
no-strain answers at first glance— 
in any light. 

TOUCH AND HOLD probe 
option, so you can thread your way 
through a component jungle and 
capture the rea^ng you need. 

FUNCnONPOWER: 22ranges 
of AC and DC volts and current, 
six ranges of resistance, and three 
ranges of conductance — the mis¬ 
sing function on other bench multi¬ 
meters. 

CONDUCTANCE RANGES 
fornoise-free leakage measurements 
to 10,000 Mfi. A valuable function 
for bench-testing boards and com¬ 
ponents, conductance also meas¬ 
ures transistor beta (using a bias 
resistor) and fight intensity (by using 
a photocell). 


OVERLOAD- PROTECTED — 
like no other DMM, including re¬ 
jection of 6000V transients and up 
to 600V applied to the current ter¬ 
minals. 

HONEST AC ANSWERS de¬ 
rived from a Fluke hybrid true rms 
converter. You'll even see the dif¬ 
ference on your AC line between 
the correct value and what your 
average-responding meter reads. 
And 50 kHz bandwidth won't let 
any significant distortion products 
go unmeasured. Plus, 10 times the 
basic response you may be limited 
to now! 

SPECS YOU EXPECT from 
Fluke — like ±0.1% on DC for one 
year. Both models available with 
rechargeable batteries, and backed 
by the same solid warranty and 
worldwide service that helped make 
the 8000A the industry standard. 


LEADERSHIP HAS TO BE 
EARNED. And we're committed 
to keeping the price of your confi¬ 
dence as realistic as possible. Like 
$239 for the 8010A with a lOA cur¬ 
rent range, and $299 for the 8012A 
with two extra-low ohms ranges 
that allow measurements from 
O.OOin to 10,000 Mfl — making 
it the widest range ohmmeter avail¬ 
able! 

Contact one of the more than 100 Fluke 
offices and representatives, worldwide, or 
CALL (800) 426-0361* TOLL FREE. In the 
U.S., and all countries outside Europe, write: 
John Fluke Mfg. Co., Inc., P.O. Box 43210, 
MountlakeTerrace, WA 98043, U.S.A. 

In Europe, contact Fluke (Nederland) 
B.V., P.O. Box 5053, Tilburg, The Nether¬ 
lands. Telephone: (013) 673973. Telex: 
52237. 

Prices U.S. only. 

•Alaska, Hawaii, Washington residents — please call (206) 
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AUTHORIZED FLUKE DISTRIBUTORS 

For immediate stock availability of these and other precision Fiuke instruments and acces¬ 
sories, please contact the Fluke distributor in the foiiowing cities. For the iocation of Fiuke 
offices and representatives in other areas, piease CALL (800) 426-0361 TOLL FREE (Aiaska, 
Hawaii, Washington residents — cali (206) 774-2481). 


ARIZONA 

Phoenix 

Liberty Eiectronics 
(602) 249-2232 
Metermaster 

S 243-4111 
sdale 

Barnhiil Assoc., inc. 
(602) 947-7841 
CALIFORNIA 
El Segundo 
Liberty Electronics 
(213) 322-8100 
Los Angeles 
Metermaster 
(213) 685-4340 
Mt. View 

Elmar Electronics 
(415) 961-3611 
Napa 

Avionics Assoc., inc. 
(707) 252-2121 
Palo Alto 
Metermaster 
(415) 968-0313 
San Diego 
Liberty Electronics 
(714) 565-9171 
Metermaster 
(714) 560-4841 
Sun Valley 
Leasametric 
(213) 768-4200 
COLORADO 
Commerce City 
Elmar Electronics 
(303) 287-9611 
Denver 

Barnhill Assoc., Inc. 
(303) 750-1222 

CONNECTICUT 

Middleton 

The Mancib Company 
(203) 346-6646 

FLORIDA 

Orlando 

Brownell Electro, Inc. 
(305) 843-6770 

GEORGIA 

Atlanta 

Brownell Electro, Inc. 

(404) 762-5181 

HAWAII 

Honolulu 

EMC Corporation 

(808) 847-1138 

ILLINOIS 

Chicago 

Joseph Electronics 
(312) 297-4200 
Eik Grove Village 
Metermaster 
(312) 593-8650 
Joliet 

Avionics Assoc., inc. 
(815) 729-0820 


INDIANA 

indianapoiis 

P.A.D.I. 

(317) 849-3682 

KANSAS 

Wichita 

Radio Supply Co., inc. 

(316) 267-5216 

MARYLAND 

Gaithersburg 

Pioneer/Instrumentation 

(301)424-3300 

MASSACHUSETTS 

Biiierica 

Metermaster 

(617) 667-8346 

Burlington 

The Mancib Company 

(617)272-9450 

Framingham 

Calcotron 

(617) 879-7650 

MISSOURI 

St. Louis 

Olive Electronics 

(314) 426-4500 

NEBRASKA 

Lincoln 

Scott Electronic Supply Co. 
(402) 466-8221 
Omaha 

Scott Electronic Supply Co. 

(402) 734-6750 

NEW JERSEY 

Midland Park 

Leasametrics 

(201)444-0662 

Totowa 

Ampower 

(201)790-6750 

NEW MEXICO 

Albuquerque 

Barnhill Assoc., Inc. 

(505) 299-7658 
NEW YORK 
Corning 

Corning Electronics 
(607) 962-0555 
Farmingdaie 
Ampower 
(516) 752-1078 
Long island 
Harvey Electronics 
(516) 921-8700 
New York City 
Advance Electronics 
(212) 687-2224 
Thornwood 

Electronic Tool Company 
(914) 769-8070 
Vestal 

Harvey Electronics 
(607) 748-8211 


NORTH CAROLINA 

Charlotte 

Brownell Electro, Inc. 

(704) 394-4341 
Dixie Electronics 
(704) 377-5413 
OHIO 
Cleveland 

Pioneer/Instrumentation 
(216) 587-3600 
Dayton 
N.I.D.I. 

(513) 434-7500 

OREGON 

Eugene 

United Radio & Supply, Inc. 
(503) 342-3381 
Medford 

United Radio & Supply, Inc. 
(503) 779-7933 
Portland 

Liberty Electronics 
(503)292-9234 
United Radio & Supply, Inc. 
(503) 233-5341 
PENNSYLVANIA 
Philadelphia 
Sunshine Scientific 
(215) 673-5600 
Pittsburgh 

Pioneer/Instrumentation 
(412) 782-2300 
Piymouth Meeting 
Techni-Tool 
(215) 825-4990 
Spring House 
Avionics Assoc., Inc. 

(215) 643-6555 
SOUTH CAROLINA 
Columbia 
Dixie Electronics 

S 779-5332 
iviiie 

Dixie Electronics 
(803) 229-4554 
TEXAS 
Austin 
Barnhill III 
(512) 451-0217 
REDCO 
(214) 653-1041 
Dallas 
Barnhill III 
(214) 231-9012 
Houston 
Barnhill III 
(713) 688-9971 
UTAH 

Salt Lake City 
■ Barnhill Assoc., Inc. 
(801)484-4496 

VIRGINIA 

Chesapeake 


(804) 275-1431 


WASHINGTON 

Believqe 

Applied Engineering 
(206) 455-4922 
Liberty Electronics 

S 453-8300 
te 

Western Electronics 
(206) 284-0200 

WISCONSIN 

Green Bay 

Northern Radio & TV Corp. 
(414) 435-8331 


CANADA 

ALBERTA 

Caigary 

ACA Electronics Centre 
Allan Crawford Assoc., Ltd. 
(403) 276-9658 
Edmonton 
Cardinal Industrial 
Electronics, Ltd. 

(403) 455-4122 
BRITISH COLUMBIA 
Vancouver 

ACA Electronics Centre 
Allan Crawford Assoc., Ltd. 
(604)294-1326 
Vernon 

Interior Electronics, Ltd. 
(604) 545-2394 
MANITOBA 
Winnipeg 
W.E.S. Ltd. 

(204) 632-1260 
NOVA SCOTIA 
Dartmouth 

Allan Crawford Assoc., Ltd. 
(902) 469-7865 

ONTARIO 

Toronto 

ACA Electronics Centre 
Allan Crawford Assoc., Ltd. 
(416) 678-1500 
Ottawa 

Allan Crawford Assoc., Ltd. 

(416) 678-1500 

Ottawa 

Allan Crawford Assoc., Ltd. 
(613) 829-9651 

QUEBEC 

Montreai 

ACA Electronics Centte 
Allan Crawford Assoc.,- Ltd. 
(514) 670-1212 
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EQUIPMENT REPORTS 

continued from page 32 


the bench at all times. Using standard C cells, 
battery life is about five hours; this could be 
increased using alkaline batteries. A red LED 
pilot light illuminates when the power is on, 
and blinks when the batteries are low. 

The model LCG-397 is quite a versatile little 
instrument, and extremely portable. It fits 
easily into a caddy to take along for house calls, 
setup adjustments and in-home troubleshoot¬ 
ing. The panel is well marked. In fact, so well 
marked that we were able to make it work even 
though I had cleverly managed to leave the 
manual behind when I took the instrument to 
the lab! 

The model LCG-397 costs $299.95, and the 
model LPS-166A AC adapter is $7.95. R-E 

Micro Software Systems 
Micro-Set I PET Software 

CIRCLE 125 ON FREE INFORMATION CARO 

USERS OF THE PET ARE AWARE OF SEVERAL 
shortcomings in its ROM-based BASIC lan¬ 
guage. One of the most significant is the inabil¬ 
ity to add one program to another. Micro-Set I 
is a PET-compatible program that combines 
the capability of linking programs, deleting 
lines and renumbering program statements. 

FORTRAN users are familiar with the con¬ 
cept of a subroutine library from which they 
can draw upon while developing their pro¬ 
grams. Rather than having to create mathe¬ 
matical and other subroutines each time they 
are needed, users can combine or link previous¬ 


ly developed routines with their new mainline 
programs. The PET BASIC and its integral 
operating system lack this ability. In PET 
BASIC, the LOAD command resets various 
pointers and overwrites the old program with 
the new, wiping out any previously loaded 
program. This prevents one program from 
loading a second program while retaining the 
program statements and the data generated by 
the first program. Micro-Set I solves this prob¬ 
lem by allowing you to generate an ASCII- 
formated cassette that can be loaded or added 
later to another program already contained in 
memory. The program uses some clever meth¬ 
ods to achieve this result by digging into the 
workings of the PET operating system itself. 

In my sample, unfortunately, this portion of 
the program did not operate properly. Playing 
back a Micro-Set I created tape did not affect 
the already present statements in any way. I 
took the program apart, drew a couple of flow 
charts, and uncovered minor inconsistencies in 
both the portion that creates the tape and the 
segment that reads it back. I actually tried the 
program on two different PET’s that were 
purchased about six months apart—with no 
success. It is possible that some error crept in 
between the time the program was created and 
the time it ended up on the tape I received. 
Incidentally, the tape included three sequential 
copies of the program which performed identi¬ 
cally. No doubt the source of the problem has 
probably been identified and cleared up by 

The Miero-Set I command list is as follows: 
The CREATE TAPE command is used to record a 
program segment or an entire program onto 
tape, and the add command reads it back and 
adds it to already existing statements, if any. 


The DELETE command takes out lines between 
specified line number limits. The delete com¬ 
mand is particularly useful in removing the 
instruction preamble of Micro-Set I after it 
has been loaded and read by listing. The 
program info command displays the number 
of lines in the program, the first and last line 
numbers, and the number of free bytes remain¬ 
ing. Lastly, the renumber command is proba¬ 
bly the second really useful function. Even 
though at the outset you may have to number 
your program statements by tens to leave 
spaces in between adjacent lines for editing, 
it’s not unusual for a few of these gaps to be 
filled during program development. Without a 
renumber capability, it is impossible to add a 
line between sequentially numbered state¬ 
ments without extensive messy editing. The 
RENUMBER command lets you renumber all 
lines at selected increments and starting at a 
desired line number. Program jumps and con¬ 
ditional jumps are not automatically updated, 
however. If a program statement ends with a 
GOTO, the target address remains unchanged. 
Micro-Set I does help by displaying a list of 
the numbers of the lines to be corrected. As 
the instructions suggest, it is a good idea to 
copy this list onto paper since it can only be 
displayed once. This is not necessary if you are 
fortunate enough to have a printer connected 
to your PET. 

On execution, the first key command letters 
are displayed in a novel fashion: The first key 
command letters are displayed in reverse video. 
Instructions are included on how to add the 
Micro-Set I routines to your own program. 

Micro-Set I is priced at $15 per cassette 
copy produced by Micro Software Systems, 
Box 1442, Woodbridge, VA 22193. R-E 



Clever Kleps 


Test probes designed by your needs —Push to seize, push 
to release (all Kleps spring loaded). 

KItpt 10. Boathook clamp'grips wires, lugs, terminals. 

Accepts banana plug or bare wire lead. 4%" long. $1.59 
Kleps 20. Same, but 7" long. $1.69 

Kleps 30. Completely flexible. Forked-tongue gripper. Ac¬ 
cepts banana plug or bare lead. 6" long. $1.99 

Kleps 40. Completely flexible. 3-segment automatic collet 
firmly grips wire ends, PC-board terminals, connector pins. 

Accepts banana plug or plain wire. 61/4" long. $2J9 

Kleps 1. Economy Kleps tor light line work (not lab quality). 

Meshing claws. AVa" long. $1.09 

, Pruf 10. Versatile test prod. Solder connection. Molded 
) phenolic. Doubles as scribing tool. “Bunch” pin fits banana 
; jack. Phone tip. SVi" long. $ .99 

j All in red or black - specify. (Add 50C postage and handling). 

: Write for complete catalog of - test probes, plugs, sockets, 

) connects, earphones, headsets, miniature components, 

j ^ vailable through your local 

' distributor, or write to: 

i FYti "YE INDUSTRIES INC. 

= ISl Spencer Place, Mamaroneck, N.Y. 10543 

In Canada: Rye Industries (Canada) Ltd. 
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•LONG I 
•MED 

•short! 



I ADJUSTABLE 
[VACUUM STROKE 

’ US140^ 

[iJlN]DWg[^©iSi[L 

□ ESOLOERINB TOOL 

Compact tool for convenient tool 
box storage. Precision molded 
plastic barrel and low-mass 
plunger creates rapid vacuum 
impulse with negligible recoil. 
Three position plunger adjusts 
loading span to fit large or small 
hands. Ample vacuum for most 
circuit board desoldering require¬ 
ments, 
conta 

your local" 
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Automotive "brain” astounds the 
experts, puts both compute r and 
cruise control at your fingertips! 


For the first time ever, you can put a true com¬ 
puter in your car, truck or RV which gives you the 
most effective and functional cruise control ever 
designed, plus complete trip computing, fuel 
management system, and a remarkably ac¬ 
curate quartz crystal time system. It is called 
CompuCruiseTM. 

So simple a child can operate, the new 
CompuCruise combines latest computer 
technology with state-of-the-art reliability in a 
package which will not likely be available on 
new cars for years to come. 

CRUISE CONTROL WITH A MEMORY, UNIQUE 
SEEK-AND-HOLD CAPABILITY. 

CompuCruise remarkable cruise control per¬ 
forms in a totally different manner than any 
other unit because it is more than a simple 
speed maintaining device. With CompuCruise, 
you establish your desired cruising speed even 
before you reach the highway and activate the 
system any time by simply pressing a button. 
CompuCruise then seeks and maintains the 
desired speed until you override or shut off the 
system. You resume cruise control again at any 
time by pressing the same button. Com¬ 
puCruise, unlike most vacuum-mechanical 
systems, is fully electronic, more accurate and 
more reliable than any other unit you can buy. 



Similar to types of computers used on modern 
airliners, the CompuCruise slim panel-mounted 
control module contains a digital readout and 
back-lighted control buttons, both readily visible 
in the dark. By quickly learned systems of in¬ 
quiry, the driver can elicit virtually any informa¬ 



tion relating to time, distance, fuel and perfor¬ 
mance of his vehicle. 

There are a number of digital-type instruments 
on the market which can be purchased for your 
car, purporting to provide functional data on per¬ 
formance, but all are basically calculators, 
operating on fixed information provided by the 
driver. 

CompuCruise is a true computer, operating 
from automatic data sensors which constantly 
react to changing conditions, automatically 
recomputing vital data every second. Each func¬ 
tion operates independently, with data dis¬ 
played and updated constantly until you change 
your request of the computer. 

Fuel management takes on new significance 
because CompuCruise tells you the most effec¬ 
tive driving speeds, the type and brand of 
gasoline most suitable for your vehicle. It will 
tell you the effects of different types of tires and 
different tire pressures, road conditions, and 
engine tune-up condition. You can get instan¬ 
taneous computations on current gas mileage, 
fuel required to arrival, and actual fuel remain¬ 
ing. 

Battery condition can be checked regularly, 
saving you from the potential embarassment of 
being stranded without warning. 


TYPICAL DATA: 

Cruise Control 

Time, E.T., Lap Timer, Alarm 
Time, Distance, Fuel to Arrival 
Time, Distance, Fuel to Empty 
Timo, Distanco and Fuel on Trip 
^ Current or Average MPG, GPH 
Fuel Used, Distance since Fillup 
Current and Average Vehicle Speed 
Inside, Outside or Coolant Temperature 
.o Battery Voltage 

English or Motric Display 


COMPUCRUISEjm digital quartz crystal 
TIME SYSTEM IS INCREDIBLE. 

CompuCruise digital time system performs 
four independent time functions encompassing 
(a) stop watch and lap timer functions, (b) hours, 
minutes and seconds, (c) alarm or warning func¬ 
tion, and (d) trip time indicator. The time system 
operates full time, whether your vehicle is 
operating or not. It will even wake you up after a 
short roadside nap. 



YOUR COMPUCRUISE IS SMARTI IF YOU PUSH THE WRONG BUTTON 
IT WILL LET YOU KNOW BY DISPLAYING "ERROR 

COMPUCRUISEj,^ WORKS ON FOREIGN OR 
AMERICAN CARS; IS PRICED FOR THE 
AVERAGE MAN’S BUDGET 
You do-it-yourselfers can readily install the 
unit, but complete and detailed Instructions are 
also included for the automotive service facility. 
CompuCruise units are fully operable on most 
foreign or American cars, trucks or RV’s. At 
$199.95 the unit is only a few dollars more than 
the cost of cruise control alone on most 
vehicles, yet offers a whole new world of com¬ 
puterized management functions. 

This is an exclusive system, fully warranted 
for 90 days from installation, delivered to you 
complete with all required hardware. You need 
only basic tools for the total job. 

When you receive your unit, inspect it com¬ 
pletely. If you are not 100% satisfied, return the 
complete unit before installation and your 
money will be refunded without question. 

TO ORDER YOUR UNIT, complete the coupon 
below, enclosing $199.95 (ADD $5.50 If front- 
wheel drive). This covers all shipping, insurance 
and handling costs. Your unit will be shipped 
within three weeks. 


NOTE: Mountable on foreign or domestic 
vehicles including standard trans. EXCEPT 
FOR DIESEL OR FUEL INJECTED ENGINES. 


I- 

I TO: ZEMCO.Inc. (415)935-4960 

I 1136 Saranap Avenue 

I Walnut Creek, CA 94595 

I Ship_CompuCruisejM units @ $199.95 

I Model 44 (WITH CRUISE CONTROL) 

I : 1 Add $5.50 tor front-drive 

! Ship_CompuCruise-TM Units @ $159.95 

I Model 41 (WITHOUT CRUISE CONTROL) 

I n Add $5.50 for front-drive 

I Total enclosed: $ ._ 

I (CA residents add Sales Tax) 

I Charge to my □ Master Charge □ Visa 

I Card Number___ 

I Date Expires 

I Signature_ 

I Make vehicle 

I Address: __ 

I City:- 
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( 415 ) 935-4960 

Technically competent personnel 
available to answer your questions. 
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data precision 


Dual-Trace 5'30MHz Triggered Scope... 


T474 



30MHz Dual Trace with Delay Line 


LBO-520 


$ 889 .’® 




PORTABLE OSCILLOSCOPES 





-c—. PEoe 


With the purchase of $7 50 or more you get 
these quality tools worth over $34 ; 

WELLER 25 watt soldering iron kit, (SP23K) 
XCELITE 4" cutters and 4" pliers. (54, 41CG) 
Offer ends AprU 31,1979 

Shipping not included in prices . 


5MHz Solid State 3" Oscilloscope 


New 15MHz portable 3 " dual-trace scope 



THE TEST EQUIPMENT SPECIALISTS 


TOLL FREE HOT LINE 

800 - 223-0474 


gj 


ADUI 
iCTROMC 



54 WEST 45th STREET. NEW YORK, 
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Choice of Professionals for Over 40 Years! 


• Fast accurate measurements 
on 27 popular ranges 

• Rugged taut-band varistor-protected 
movement 


• Optional 5 KV probe 


• External access battery and fuse 
compartment 

» Multi-purpose color-coded test leads with 
combination and screw-on alligator clips 



COMPLETE LINE OF PROBES, LEADS, CARRYING CASES AND 
OTHER ACCESSORIES AVAILABLE 
SEE THEM AT YOUR LOCAL SIMPSON DISTRIBUTOR 




260-6 VOM —$95.00 

•6M with mirror scale — $98.00 
260-6P overload protected — $141.00 
260-6PM overload protected with 
mirror scale — $ 145.00 
260-6RT in roll top case— $106.00 
260-6PRT overload protected in 
roll top case—$153.00 
260-6MRT with mirror scale in 
roll top case —$110.00 

260-6XL with extra ranges and features -$111.00 
260-6XLM with mirror scale — $115.00 
260-6XLP overload protected —$152.00 
260-6XLPM overload protected with 
mirror scale — $ 156.00 katy mmsTRits 


SIMPSON ELECTRIC COMPANY 

853 Dundee Avenue, Elgin, Illinois 60120 
(312) 697-2260 • CABLE SIMELCO • Telex 72-2416 
IN CANADA: Bach-Simpson, Ltd., London Ontario 
IN ENGLAND: Bach-SImpson (U.K.) Ltd., Wadebridge, Cornwall 
IN INDIA: Ruttonsha-Simpson Private, Ltd., VIkhroli, Bombay 
CIRCLE 33 ON FREE INFORMATION CARD 
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New Trend 
In DMM’s 


Digital multimeters are grow¬ 
ing smaller and less complex as more 
on-chip circuitry is developed. Here is a 
look at the latest in DMM technology. 

MARTIN BRADLEY WEINSTEIN 


SOMEHOW, THE NEWS THAT SOMETHING 

that used to be big is getting smaller and 
smarter isn’t as much news as it used to 
be. The humble multimeter is an excel¬ 
lent case in point. Those of us who 
remember the early days—or who have 
seen old-relic instruments in museums— 
know that in the beginning, there were 
separate meters for voltage, current and 
resistance (or, just as often, conduc¬ 
tance). In fact, there were often separate 
meters for separate measurement ranges. 

But meters were expensive. So, out of 
necessity, early experimenters built 
switchboxes with the resistive networks 
and patchwork needed to allow one meter 
to do the work of many. 

Over the years, these evolved into the 
moving-coil multimeters of more recent 
times. As recently as the 1940’s, though, 
these contraptions were often bigger than 
the proverbial breadbox; especially when 
vacuum-tube amplifiers were added to 
increase the input impedance of these 
instruments. 

Transistors in the 50’s and 60’s, and 
IC’s in the 60’s and 70’s, began the 
shrinking process. But what’s made the 
most difference is the special attention 
given to the large-scale integration of 
analog-to-digital (A/D) conversion cir¬ 
cuitry in just the last few years. 

From A to D with an LSI 1C 

If the history of IC’s could be viewed 
geographically, we’d see many paths con¬ 
verging on the goal of a monolithic 
meter-on-a-chip. For one thing, advances 
in the scale of integration, especially dur¬ 
ing the 70’s, made it possible to include 


all the digital circuitry for multiple- 
decade counters, complete with display 
and logic circuits (but less the actual 
displays); and also the necessary oscilla¬ 
tors, references and A/D converter com¬ 
ponents (minus a handful of external 
parts)—^all on a single IC. At a manufac¬ 
turing level, a high level of repeatability is 
required to let each batch of chips pro¬ 
duce enough yield to be economically 
feasible. In other words, such an IC has to 
be mass-produced at low cost, because the 
end product must be price-competitive to 
survive in the marketplace. 

Advances in CMOS technology, and in 
technological combinations of CMOS 
with NMOS and PMOS (on the same 
IC) also played an important role. While 
well-suit^ for digital functions, CMOS 
technology alone is not well-suited for 
amplifier and buffer applications. 

Lasers were first applied to the preci¬ 
sion trimming of resistors on the mono¬ 
lithic IC, meaning that high-precision 
resistor values were becoming, at long 
last, economically feasible. 

And in the laboratory, methods of 
performing A/D conversion were being 
compared for suitability in terms of accu¬ 
racy, economy and ease of realization. 

The stage set, the first LSI “meter-on- 
a-chip” IC’s began appearing in 1976 and 
1977. 

The Intersil ICL7106/7107 

Typical of the best of the meter-on- 
a-chip IC’s (even at this writing) is the 
Intersil pair of S'A-digit single-chip 
CMOS A/D Converter IC’s, ICL7106 
and ICL7107. In Intersil’s Application 


Bulletin A023, “Low Cost Digital Panel 
Meter Designs” (May 1977), Intersil’s 
David Fullagar and Michael Dufort in¬ 
clude this description; 

“Intersil’s 7106 and 7107 are the 
first IC’s to contain all the active 
circuitry for a 3’/j-digit panel meter 
on a single chip. The 7106 is de¬ 
signed to interface with a iiquid crys- 
tai dispiay (LCD) while the 7107 is 
intended for light-emitting diode 
(LED) displays. In addition to a preci¬ 
sion dual-slope converter, both cir¬ 
cuits contain BCD to seven segment 
decoders, dispiay drivers, a ciock 
and a reference. To buiid a high 
performance panei meter (with auto 
zero and auto poiarity features) it is 
only necessary to add a display, 4 
resistors, 4 capacitors, and an input 
filter if required.” 

This Application Note presented arith¬ 
metic to demonstrate that at May 1977 
prices, a S'A-digit LED display panel 
(single fixed range) meter could be built 
for $18 —including labor, assembly and 
testing. Indeed, Intersil offered simple 
evaluation kits featuring the new IC for 
under $30, minus only a 9-volt “transis¬ 
tor” battery that could be wired into 
working digital voltmeters in about half 
an hour. Of course, while excellent as 
projects, these are unprotected single¬ 
range meters, and not suitable as full- 
fledged consumer products. 

The impressive data-sheet specifica¬ 
tions for the ICL 7106/7107 tell another ^ 
part of the story: ^ 

• Accuracy guaranteed to ± 1 count O 

over entire ±2000 counts ^ 

• Guaranteed zero reading for 0- ® 

volt input <o 
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FIG. 1—A COMPACT DMM, the Hickok LX303. based on the Intersil ICL7106 and 3V.-digit LCD display. 
It teaturas auto-zero, auto-polarity selection and automatic over-range indication. 


True polarity at zero count for 
precise null detection 
Differential input from 200 mV to 
2.000 volts full scale 


The more detail we study, the more 
impressive are the electronics Intersil has 
packed into these 40-pin DIP packages. 
Let’s emphasize, however, that this is 
only one case. National Semiconductor, 
RCA, Signetics, Motorola and other 
manufacturers have also introduced me- 
ter-on-a-chip IC’s and IC sets (in some 
cases, two smaller packages can mean a 
smaller end product than one LSI IC). 
And all these developments came about 
to meet the trend toward smaller, cheap¬ 
er, more power-efficient digital meters. 

Low power means LCD displays. 

„ But... . 

y For these meter-on-a-chip IC’s to work 
O in portable instruments with legible dis- 
K plays and reasonable battery life (with 
2 batteries small enough to fit small pack- 
iij ages), LCD’s were a logical display 
g choice. But liquid-crystal display technol- 
Q ogy in its youth had many problems that 
oc had to be overcome. 


Many phenomena plagued early 
LCD’s. For example, extremes of cold, 
heat and humidity, and of dry heat can 
permanently blotch an LCD. Exposure to 
moisture, oxygen and ultraviolet light; 
imperfections in the glass or the glass 
seal; impurities in the organic-compound 
blend used in the displays; dust motes 
inside the display; imperfect segment 
contacts; difficulties in mounting and 
connector arrangements: these are the 
bugaboos that manufacturers in this 
fledgling industry had to overcome. 

Slowly, as more experience was gained 
with materials and techniques, the many 
LCD construction tradeoffs began giving 
ground. Reliable, survivable LCD’s be¬ 
came available for wider (or tailored) 
drive voltage ranges, temperature ranges 
and connector options. Lifetime expec¬ 
tancy was on the way up, and prices on 
the way down. 

Now, LCD’s are available that are 
totally moisture-resistant. They are read¬ 
able in bright sunlight over viewing an¬ 
gles greater than 160°. They offer operat¬ 
ing lives of more than 50,000 hours. They 
are capable of storage from — 55°C to 


-|-90°C without permanent damage; and 
of operating from —20°C to 
-l-90°C.They are also operable at volt¬ 
ages from 2-60. And they are fast enough 
to respond to 10 or more updates-per- 
second. 

Not all these extremes can be met by 
any one LCD. The point is that now inex¬ 
pensive LCD’s make low-cost handheld 
portable Instrumentation practical. 

From the possible to the practical 

In the real world, technology cannot 
bring us a finished product overnight. If 
it could, there would be no manufactur¬ 
ers, only parts buyers, because we could 
build ourselves what we needed as we 
needed it. And, as far as LSI IC’s are 
concerned, there is more to the story. For 
example, let’s take a look at the schematic 
diagram of the Hickok model LX303 
DMM. (See Fig. 1.) This circuitry is 
based on the ICL7106 and a S'A-digit 
LCD; but let’s take a closer look at what 
has been added. 

Note, for example, that the range 
switch (SlOl) selects taps along a voltage 
divider from RlOl-a-RlOl-f. Network 
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RlOl is really a network of six laser- 
trimmed resistors on a single substrate, 
providing precision values, close match¬ 
ing and extremely good temperature 
tracking. 

The instrument shield provides a 
ground plane behind the ICL7106 IC to 
prevent stray fields from confusing its 
high-impedence CMOS inputs. This was 
considered a necessary precaution since 
the model LX303 is housed in a plastic 
case. Notice also R107, R108, R113, 
CR102, CR103 and CR104, which are 
only in the circuit with the function 
switch in the ohms position. With the 
values indicated, the metering circuitry is 
protected even if it is connected to a live 
voltage source while in the ohmmeter 
configuration. 

For all of its capabilities, the Hickok 
DMM resides on a remarkably unclut¬ 
tered PC board, in a small 5V. X 3Vi X 
PA-inch package. 

The DMM has come a long way, espe¬ 
cially when you consider that with a 
suggested resale price of under $75, the 
little model LX303 outperforms some 
VTVM’s of 20 years ago (and since) that 
cost much more. 

Just a trend? 

Are we really seeing a trend? It’s very 
possible, especially with so many instru¬ 
ment manufacturers beginning to offer 
similar products. The following is a list¬ 
ing of what’s available in battery-porta¬ 
ble, palm-sized, 3‘A-digit LCD DMM’s. 
All of these instruments feature auto-zero 
capability, auto-polarity, very low current 
drain (with typical battery life over 200 
hours) and automatic overrange indica¬ 
tion. 

1. The Data Precision model 935 at 
$ 149 offers 29 ranges of AC or DC volt¬ 
age plus current and resistance measure¬ 
ments including both high and low-ohms 
capability. 

2. The Fluke model 8020A, advertised 
at $169, features 26 ranges and 7 func¬ 
tions, including conductance plus high- 
and low-ohms capability. 

3. The Triplett model 3400 at $140 
offers 24 ranges and 6 functions, includ¬ 
ing high- and low-ohms capability. 

4. The Hickok model LX303 costs 
$74.95 and features 19 ranges. 


Also, Table 1 lists the full-scale ranges 
of these meters. 



THE TRIPLETT MODEL 3400 DMM. 

Why it’s come to this 

It’s agreed, hand-held DMM’s are nif¬ 
ty, but this isn’t a good enough reason to 
bring out a new product. The fact is, 
there are significant practical advantages 
to these new small instruments, which are 
offered at prices that also make them 
significant values. 

The relatively low current drain of this 
new technology yields one important ben¬ 
efit: a long life on small, inexpensive 
batteries. As mentioned earlier, these 
manufacturers all indicate a battery life 


TABLE 1—A comparison of full-scale ranges on “new-trend” DMM’s. 


Manufacturer 

Model 

Price 

DC Volts 

AC Volts 

DC mA 

AC mA 

Ohms 

Data Precision 

935 

$149.00 

100.0 mV- 
1000 

100.0 mV- 
1000 

1.000 mA- 
1000 mA 

1.000 

mA- 

1000 mA 

100.0- 
10.00 M 

Fluke’ 

8020A 

$169.00 

199.9 mV- 
1000 

199.9 mV- 
750 (RMS) 

1.999- 
1.999 A 

1.999- 
1.999 A 

199.9- 
19.99 M 

Hickok 

LX303 

$ 74.95 

199.9 mV- 
1000 

199.9- 
600 (RMS) 

19.99 nA- 
199.9 

N/A 

199.9- 
19.99 M 

Triplett 

3400 

$140.00 

199.9 mV- 
600 

199.9 mV- 
600 

1.999- 
1.999 A 

1.999- 
1.999 A 

199.9- 
19.99 M 


in excess of 200 hours. You could inter¬ 
pret this as six months of a couple-of- 
hour-per-day service. Compare this with 
the 40-hour rating typical of LED me¬ 
ters. And compare the advantages of 9- 
volt “transistor” versus multiple-size C 
batteries, even beyond their cost. 

One of those advantages is that the end 
package is smaller and lighter, which 
means less trouble right away if you drop 
your meter as much as we all tend to. The 
smaller package also makes one-hand op¬ 
eration very natural. Many times, you can 
even hold the meter and one of the probes 
in the same hand. 

The large LCD displays are generally 
more legible than LED readouts, and 
specifically so in high ambient-light con¬ 
ditions such as outdoors in direct sun¬ 
light. Under low-light conditions, the 
LCD displays are as legible as any large 
print; basically, if there’s enough light to 
work by, there’s enough to read the 
display. 

The new DMM’s are especially easy to 
calibrate. It takes just three adjustments 
to calibrate the Fluke model 8020A, and 
only one adjustment for the Hickok mod¬ 
el LX303. 

So these new DMM’s are smaller, sim¬ 
pler and smarter. Which, alas, isn’t as 
much news as it used to be. R-E 


FCC declares RF modulator 
sales are illegal 

The Equipment Authorization branch of 
the FCC has notified RF moduiator manu¬ 
facturers that seiiing these devices is iiiegal 
(although modulators in kit form are not in 
violation of FCC rules). Additionally, manu¬ 
facturers of home computing systems that 
require modulators for hookup to TV sets 
will have to redesign their products to 
incorporate them. 

John T. Robinson, chief engineer of the 
branch, says that in order to be used with 
TV sets, RF modulators cannot be sold 
separately from their video source (i.e., the 
computer). Home computers, on the other 
hand, can be sold without a modulator 
because technically they don’t have to be 
hooked up to a TV set and thus don't come 
under FCC Jurisdiction. What's been hap¬ 
pening is that consumers purchase com¬ 
puters (legally) from one source, the RF 
modulator (illegally) from another, and then 
hook up the entire package to a television 
set. 

Since home computers up until now have 
not had to conform to FCC regulations, the 
requirement that they incorporate RF de¬ 
vices will definitely make them candidates 
for FCC inspection procedures and eventu¬ 
al approval or disapproval. So far, the 
computer industry response to this require¬ 
ment has been mixed—some manufactur¬ 
ers have already started attaching modula¬ 
tors to their systems and submitting the 
equipment to the FCC; others, particularly 
smaller companies, have been slower to 2 
react, the fear being that having to wait for ^ 
FCC approval of their equipment could o 
prove too costly, especially if they have to ^ 
make major design changes before they ® 
can market their equipment. R-E <o 


I measures conductance (Siemens): 1.99 ms, 199.9 i 
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TRS-80?. .the affordable classroom computer! 


Have you considered how 
valuable a computer would be in 
your classroom—if only it weren’t 
so expensive? Computers are a 
fact of life. Tomorrow’s adults 
must be prepared to accept them, 
and you should take full advantage 
of them. Now — today — the 
affordable classroom computer 
exists, and its name is TRS-80. 

“Stand-Alone” Computer 

TRS-80 isn’t a terminal, tied to a 
“host” computer (but it will adapt 
to this use if you wish). TRS-80 is 
programmed in BASIC, a 
plain-English language anyone can 
learn easily, should you decide to 
teach programming. TRS-80 can 
be programmed to give quizzes 
and drills in any subject. It will 
perform complex calculations in 
math, science and lab courses. It 
can catalog specimens or lists and 
analyze data. TRS-80 will test 
students with randomly generated 
math problems which almost 
never repeat. In addition, TRS-80 
can report each student’s score. 


Inexpensive Audio 
Cassettes Store Programs 
and Data 

Build your own library of subject 
matter. 

A great advantage of the 
classroom computer is that it’s 
fun! It maintains the student’s full 
attention long beyond the normal 
attention span limit. 

TRS-80 provides career 
training in computers. 

When class is over, TRS-80 
becomes a tireless teacher’s aid, 
maintaining student records and 
parent lists, grading tests, 
compiling class statistics and 
freeing hours of a teacher’s 
valuable time from “pencil 
pushing” tasks. 

TRS-80 classroom computer 
systems start at only $599, 
including everything pictured 
below plus an outstanding 
232-page manual written by an 
educator. Cost per student or per 
student-hour is astonishingly low. 


TRS-80 can be expanded to 
include a more powerful language, 
more memory, very fast 
Mini-Disk storage, printers and 
more. Expand as far as your use 
dictates, now or in the future. 
Local Availability 
Radio Shack’s nationwide network 
of stores means one is just around 
the corner. We have over 50 repair 
centers with another 50 coming 
soon. TRS-80, as your classroom 
computer, is backed by Radio 
Shack’s 58 years of electronics 
leadership, where you need it — 
locally. 

Our New Catalog 

Read about all of TRS-80’s 
hardware ... 20 volumes wouldn’t 
list all the possible uses. Or better 
yet, visit your local Radio Shack 
store and try TRS-80 yourself. 
Ask to see our pre-programmed 
study aids for math, algebra and 
TRS-80 programming. Now that 
it’s available and affordable, isn’t it 
time low-cost computing was 
going x.oyour school? 
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Introduction To 

The personal computer is a recent elec- 
an active role in our everyday lives. Its appii- 
tion. Here is a look at what the personal computer is all about 


m-: 

JEFFREY MAZUR 

■ IF YOU THINK MICROCOMPUTERS ARE JUST A FAD OR 

you’re waiting for them to die out like 4-channel hi-fi, 
don’t hold your breath. They are here to stay and if you 
^ plan to keep up to date in electronics you must start 
^7 ■■ learning to deal with computers. Perhaps one of the best 
i' ' ways to do this is to go out and buy one. If you have been 

■ thinking about buying a personal computer but can’t 

I ■ decide on which one, then the following pages are just for 
i? '-,' you. In this special section we will investigate personal 
Is'' computers and some of the peripherals available to 
tf:'’ expand their capabilities. To help you through the confu- 

r sion of choosing a computer system we will review a few 

' ; computer basics and outline the factors that should go 

I ' into making your decision. 

; The first step towards selecting a computer is simple— 

, STOP! Before you lay down a single dollar on equipment, 

stop and think carefully about what you are going to do 
1 with the computer. Make a list of what you think a 

^ computer should do for you and how much you are will- 

I ■ ■. ing to pay for it. With this in mind, examine the various 

. ' systems that are available within your budget. When 

7;'. comparing systems, try to normalize their capabilities 

■ whenever possible (i.e., don’t compare one mahufactur- 

t-' er’s 4K RAM system to another’s 32K RAM system), 

r-’ ■■ ■ ■ The second rule is to use CAUTION when cohiparing 

specifications. Unfortunately, there is no standard for 
rating computers; if you’re not careful, you may be misled 

■ by the information you receive from manufacturers and 
dealers. Also beware of claims for fantastic new machines 
or peripherals that are “not quite available yet.” Almost 

^ every personal computer manufacturer has had delivery 
i y, ■ problems on new products (some are still having problems 
keeping their two-year-old products in stock). Although 
: ■ ■■ you will be mainly concerned about the equipment that 
g you are buying, don’t forget about the programs (soft- 
2 ware) that are needed to make your system work. Some 
, ac computers come complete with much of the operating 

. o software already “inside the box,” that is, in ROM (Read 

7u Only A/emory); with others you have to buy it separately 

■ g and load it into the computer. The amount of commercial- 
o ly available applications software may also be important if 

: oc you don’t plan on writing your own. 



RADIO SHACK’S TRS-80 microcomputer system. 


Finally, when you have decided upon the system that is 
right for you, go to a reputable computer dealer in your 
area. Computer sales are seldom a one-shot deal; you will 
probably be back to buy additional items or may need 
help in getting your system running. The dealer who sells 
you a computer knows this and will usually bend over 
backwards to help you get started. If you know exactly 
what you want and price is the primary concern, then you 
can buy from one of the many mail-order firms selling 
computers. Don’t be afraid of losing your money—espe¬ 
cially when you can charge it to your credit cards—but be 
prepared to wait a while if what you want is not in stock. 
Remember, however, that if you haven’t received your 
order within 30 days, you have the right to ask for your 
money back. Also remember that the money saved means 
assistance forfeited. 

Uses for a computer 

As a quick guide, some of the more common uses for 
personal computers are listed below. With each is a brief 
description of the factors that will be of most importance 
when selecting the type of system you’ll need. 

Educational— One of the reasons most people buy a 
■ personal computer is simply to learn about comput¬ 
ers. Any computer can be used as a learning tool, but 
your degree of experience will usually dictate how 
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Personal Computers 


ironic marvel that is capable of taking 

cations are often limited only by ones imagina- 

and what you need to know to select the system that’s best for you. 



HEATHKIT H9 CRT terminal. 

you plan to communicate with the computer. If you 
are comfortable programming in binary, hexadeci¬ 
mal, or mnemonics, then you couid get by with a 
small single-board computer. If you want your com¬ 
puter to communicate in more English-like terms and 
let you know when you make a mistake, then you will 
require extra hardware and software. Another impor¬ 
tant factor is the documentation and instruction 
manuals supplied with the computer. Someone with 
no experience might want a manual that explains the 
computer’s operation step by step without going into 
the details of how the computer works. Another 
person might be more interested in detailed docu¬ 
mentation (schematics, software listings, etc.) on the 
computer he or she selects. Wherever the manufac¬ 
turer’s information is lacking, there are numerous 
books and magazines that may provide a more suit¬ 
able description. 

Personal recordkeeping, filing, data processing— 

The key words for these applications are memory and 
speed. Translated into hardware, that spells a floppy 
disc. If you also want printed output, or hard copy, 
then you should also investigate what will be required 
to connect a printer to the computer. There is soft¬ 
ware avaiiable in this area; it might save you days or 
weeks from writing your own. For small business use, 
the software should be tailored to the specific needs 
of the business. 

Home security, menu planning, checkbook balanc¬ 


ing, etc.—If your main desire for a computer is to do 
things like this—save your money. Unless you have 
some extremely complicated system in mind, the 
above tasks would be better handled with dedicated 
devices that cost less. 

Playing games (nongraphic)—All computers can be 
programmed to play games (in fact you rarely see a 
computer demonstration that doesn’t include one). 
Nongraphic games range from the simple question- 
and-answer variety to pseudographic displays using 
normal ASCII characters. Since all but the simplest 
games require some form of alphanumeric input or 
readout, this means having a terminal of some type. If 
games are your primary concern, then one of the 
prepackaged home computers such as the Apple IP, 
TRS-80^ PET^ Atari or Challenger IP would be the 
least expensive way to get into computing. 

Playing games (graphic)—Although many computer 
hobbyists hate to admit it, personal computers are 
used to play games more than anything else. One of 
the reasons is because most of them can display 
graphic images on a video screen. This makes the 
computer rival (and sometimes exceed) the most 
sophisticated TV video games on the market. The 
inclusion of graphics commands in many versions of 
BASIC (a high-level programming language that uses 
English-like commands) has made writing your own 
game programs even easier. Again, the prepackaged 
home computers have brought graphics (some in 
color too!) to a low-cost computing system. 

The complete system 

A computer system can be roughly divided into four 
parts as shown in Fig. 1. The first choice you will have to 
make is the mainframe or actual enclosure that the 
computer will sit in. Choosing a mainframe generally 
implies selecting a particular bus structure (more on this 
later) as well as which microprocessor IC is going to be 
used. Mainframes range in complexity from the simplest 
one-board computer such as the KIM-l^ up through the 
Altair‘-type “box” with its elaborate front panel, to more 
conventional turnkey (simple front panel) systems. Pre¬ 
packaged home computers also qualify as mainframes s 
although they include much more within a single enclo- ^ 
sure. X 

One aspect of the mainframe that deserves special 3 
attention is expandability. Since the mainframe is only S 
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SOUTHWEST TECHNICAL 6800 system 
and options. 


PERIPHERALS 1 MAINFRAME 

PERIPHERAL [meI 

MASS STORAGE 1- 

CASSETTE 

DISK 

PAPER TAPE 

1- 

/lORYl 

|-—J MAIN MEMORY , 
1 RAM 

ROM 

-1 

i 

1/0 

KEYBOARD 

VIDEO DISPLAY 
PRINTER 

MODEM 

SPEECH RECDGNIZER 
VOICE SYNTHESIZER 

AC CONTROLLER 

REAL TIME CLOCK 
LIGHT PEN 

VIDEO CAMERA 

A/D & O/A 

CPU& 

SUPPORT CIRCUITS 


1 POWER SUPPLY 



FIG. 1—COMPUTER SYSTEM broken down into 
components contained within mainframe and 
peripherai devices. 


the beginning of a system, you must allow for the 
expected additions that you may want in the future. 
Expandability can be measured by the number of slots 
available for additional boards, the type and number of 
external connectors, and by another important factor, 
power supply capabilities. The power supply is something 
you want to choose wisely from the beginning, so that you 
won’t have problems later as the system grows. Most 
large mainframes use standard power supply designs 
which tend to make them big and heavy. They can easily 
be compared by the amount of current that they can 
supply. You can determine what you will need by adding 
up what all of your components will draw and adding a 
large safety margin. Don’t overlook the possible need for 
a fan to cool the power supply and all of the various 
boards. At least one manufecturer (Apple Computer) 
uses a highly efficient switching power supply in their 
prepackaged computer system. 

Central processing unit 

Although your choice of computer may not be based 
upon what CPU it uses, you should be aware of the capa¬ 
bilities of the particular microprocessor IC that you get. 
g The most important specification of a microprocessor is 
z its data word length. For most of the computers we are 
§ discussing here, this will be 8 bits. However, there are 
o many 16-bit CPU’s coming out now as well as older 4- and 
jjj 12-bit devices. As you might guess, a 16-bit machine has 
i about twice the computing power of a similar 8-bit unit. 
5 Another important characteristic of a CPU is its address¬ 
ee ing capabilities. This includes its total range of addresses 


(usually 64K) and the various addressing modes sup¬ 
ported by its instruction set. Other factors of concern are 
the clock frequency (or more importantly, the average 
instruction time) and the CPU’s I/O structure. These 
factors are only given for reference; in reality, almost any 
CPU can be used for a given task. 

If you plan on buying most of your equipment from a 
single company, then you may not be too concerned with 
the bus structure or CPU type. Everything will be 
designed to “plug in and go.” However, if you want to 
take advantage of the enormous amount of hardware and 
software available from independent suppliers, then you 
will definitely be concerned with these two factors. As for 
the former, the present king is the S-100 bus. Any 
computer designed around this bus can make use of all the 
various peripherals manufactured to this standard. There 
are many other bus standards (although it seems like 
everybody is starting their own lately), and if the periph¬ 
erals you desire are available for any particular computer, 
then that’s all that matters. As for CPU selection, the 
same thing applies. Here, the 8080 has reigned but other 
microprocessors such as the 6800, Z-80, 6502, etc., are 
finding their own place. When you go to buy software, 
you will run into a similar problem of compatibility with 
your CPU. The main point here is that when you go 
looking at both hardware and software, remember that 
not every add-on you see will work with every computer. 
Check out what is available before you decide on your 
computer. 


Memory 


A computer would be worthless without some sort of 
memory to hold a program and data. In particular, we can 
define internal memory which the processor has direct 
access to, and external memory, or mass storage, which 
the computer must load into its internal memory before it 
can be used. Internal memory consists of RAM (Random 
Access Memory) and ROM (Read Only Memory). All of 
the data that the computer manipulates is stored in RAM 
along with essential information that allows the computer 
to keep track of what it is doing. Most of the time, the 
actual program is stored here too. 
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A major question you might ask is: “How much RAM 
do I need?” There is no simple answer to this question as 
it depends on the particular computer, program and data 
requirements that you have. Most computer dealers can 
help you make this decision. Fortunately, RAM can 
usually be purchased in blocks of 2, 4, 8, 16 and 32K 
bytes at a time (a byte is roughly equal to one character). 
Thus, you can start with a small amount of memory and 
add more as the need arises. 

Of less importance is the type of RAM that you get. It 
will either be static or dynamic. Dynamic RAM’s are less 
expensive (per bit), are available in higher density pack¬ 
ages (more bits per chip), and consume less power. For 
these reasons, they are becoming more popular than static 
RAM’s. Their major drawback is that they require peri¬ 
odic “refreshing” or else they lose the information that 
was stored in them. This means that extra circuitry is 
usually needed to insure that the memory is refreshed 
properly. However, microprocessors like the Z-80 are 
eliminating this problem entirely with “invisible refresh” 
circuitry already contained within the IC. Static RAM’s 
are still widely used, especially in older machines that 
were not designed for dynamic memory. Static RAM’s do 
not require any refresh. 

All RAM’s lose their memory when power is removed 
(i.e., they are volatile). Therefore, to keep a program 
permanently in the computer requires some sort of non¬ 
volatile memory. For mass-produced programs such as 
monitors, BASIC interpreters, etc., a ROM can be used 
to store the information. A ROM acts just like a RAM 
whose data has been permanently stored at the time of 
manufacture. If you wish to store your own programs, 
PROM’s (Programmable ROM) or EPROM’s (Erasable 
PROM) are used. PROM’s can be programmed only 
once—^some of them use fuses and are programmed by 
burning out the appropriate ones. Thus, if you make a 
mistake or want to change data, they usually have to be 
thrown out. EPROM’s on the other hand are reusable. 
When you want to reprogram them, they are first erased 
by exposing the chip to strong ultraviolet light. Newer 
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devices are just coming out that will make nonvolatile 
storage just as easy to use as RAM’s. 

When the amount of data exceeds the internal memory 
capacity, or for permanent storage of programs and data 
when not in use, we turn to mass storage devices such as 
magnetic tape, disc, or paper tape. The availability of 
ordinary cassette recorders has made them a popular 
choice for mass storage. They are inexpensive, easy to 
interface, and one cassette can hold millions of bytes. 
However, they are very slow in transferring data to and 
from the computer and even slower in finding the correct 
data on the tape. Some specialized digital cassette systems 
are available with higher data transfer rates and searching 
capabilities, but a more popular alternative is the flexible, 
or floppy, disc drive. This offer is one of the best tradeoff's 
between price, speed and capacity. Paper tape is used by 
a small percentage of computer hobbyists; its major 
advantage is compatibility with larger minicomputer 
systems. Other devices such as hard discs, bubble memo¬ 
ries, etc., are beyond the reach (in terms of cost) of most 
hobbyists at this time. The increased use of computers, 
and thus a large amount of memory devices, has made 
memory technology one of the fastest growing areas in 
electronics. 

Input/output 

Getting information to and from the computer is the 
job of I/O devices. On the input side, a keyboard or 
terminal is usually used that makes talking to the comput¬ 
er as easy as typing. Other forms of input could come 
from a modem (telephone linkage), external switches. A/ 

D converter, etc. 

The most common form of output from a personal 
computer is via a video display (either a modified televi¬ 
sion set or a special CRT terminal). For hard copy, a 
printer and/or plotter can be added. These are described 
in greater detail elsewhere in this section. 

Specialty devices 

For special requirements, there is a wealth of peripher¬ 
als that can be added to your computer. For instance, 
several manufacturers make speech recognition units and 
voice synthesizers, making it possible to talk and listen to 
your computer. Light pens make data entry easy as do 
digitizers, and even video caineras can be used to give 
your computer “eyes.” For applications requiring precise 
timing or time-oLday information, there are real-time 
clocks; and AC controllers allow the computer to turn 
appliances on and off. For the true hardware enthusiast, 
blank breadboards are also available to build up your own 
customized circuits. 

Software 

So far, we have only discussed the actual equipment 
that goes into making a computer system. However, this 
is only half of the story. Without a program (software), 
the computer would just sit there and do nothing. In 
general, there are two kinds of software: system and appli¬ 
cations. As their names imply, system software consists of 
programs that allow the computer to function as a 
complete system; in particular, to make your job of writ- ^ 
ing application software as easy as possible. Some of the > 
system software that you will want to look for are: o 

Monitor—-A monitor (not to be confused with the 5 

television device used for video display) is any S 
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program that allows you to communicate with your 
computer in terms other than binary 1's and O’s. In 
most cases, a monitor wili ailow you to examine, write 
into, or start execution of a machine language 
program at any location in memory. Other features 
such as debugging aids and cassette tape load and 
store routines may aiso be included. A monitor is an 
essential tool when It comes down to seeing exactly 
what the computer is doing. 

Assembler/Editor—Writing programs in machine 
language Is tedious and hard to debug. Changing one 
instruction in the program can necessitate rewriting 
much of the rest of the program. With an assembler, 
the program is written into a text file that can easily 
be read, documented, altered and debugged. The 
text file (source code) is then translated into an actual 
machine program (object code) by the assembler. If 
there are any errors in the source code, the assem¬ 
bler will identify them, making debugging easier. 

I/O, DOS, etc.—These programs are designed for 
the particular devices to which the computer is 
connected. They provide the software necessary for 
transferring data between the computer and the 
peripheral. 

High-Level Languages—To many people, this 
means BASIC. The purpose of any high-level lan¬ 
guage is to make programming faster and easier. 



Languages like BASIC use English-like statements 
(e.g., LET X=5, A=B-fC, etc.) that make learning 
how to program literally child’s play. High-level lan¬ 
guages must somehow transform the program into 
machine language that the computer can under¬ 
stand. This is done with either a compiler or interpret¬ 
er. A compiler takes a program written in the high- 
level language and converts the whole program into 
its equivalent machine code. An interpreter, on the 
other hand, runs simultaneously with the high-level 
program interpreting each statement into appropri¬ 
ate machine code one line at a time. Most personal 
computers with BASIC use an interpreter. Although 
slower than a compiler, it allows the computer to 
warn the user immediately when certain mistakes are 
made. 

Remember that unless the system software is in ROM, 
you will have to load it into the computer from either 
cassette tape, paper tape, or disc, which will use up some 
of the RAM that you have. System software is only useful 
in making the computer easier td program. The actual 
task that you want the computer to perform must then be 
programmed into the computer. This is the application 
software. 

Application software 

Getting a computer to keep track of payroll, calculate 
prime numbers, or play chess requires a unique program 
for that particular application. These may be programs 
that you write yourself or commercial programs that you 
can buy and load into your machine. 

For doing your own programming, your main concern 
will be with the languages in which the computer can be 
programmed. When using assembler/editors and high- 
level languages, be aware that they are not all equal. 
There are many versions of the BASIC language for 
instance; some may be very limited (sometimes called 
Tiny BASIC) while other versions equal or exceed the 
original Dartmouth language. 

Another concern is with debugging aids that are some¬ 
times included with the language to help you find out why 
a program doesn’t work the way you think it should. 
Editing, cursor control, graphics and file structures are 
also important to making programming easier. 

Although it may take days, months, or even years to 
develop a particular program, it takes only minutes to 
mass-produce copies of it. Because of this, commercial 
software may be extremely valuable if you don’t have the 
time, skill, or desire to write your own. Prices for personal 
computing software is relatively inexpensive: usually 
under $10.00. 

Conclusion 

Choosing a computer system is not easy. But no matter 
what computer you get, it will put a new and exciting 
world of electronics at your fingertips. Buying a comput¬ 
er, however, is only the beginning. As your needs (and 
budget) grow, you will be interested in adding other 
peripherals to the system. To help you understand termi¬ 
nals, printers, etc., read on as the next pages describe 
them in detail. r-e 


’Apple II is a registered trademark of Apple Computer, Inc. 

*TRS-80 Is a registered trademark of Tandy Corp. 

^PET is a registered trademark of Commodore Business Machines. 
^Challenger II Is a registered trademark of Ohio Scientific. 

'KIM-1 is a registered trademark of Commodore Business Machines. 
‘Altair is a registered trademark of Pertec Corp. 








Printers 

For Personal Conapiffsir: 

The CRT video display is the most-often-used 
read-out for personal computers. If you want hard 
copy, you’ll need a printer. Here’s how they work. 

JEFFREY G. MAZUR 


NOT TOO LONG AGO, THE MOST COMMON 
method of interactive communication with a computer 
was via a printing terminal (Teletype ASR-33 and Select- 
ric terminals). At first glance, watching one of these 
machines “type” at 10-15 cps (Qiaracters Per S'econd, or 
120-180 words per minute) was rather impressive. How¬ 
ever, waiting several seconds for the computer to make a 
simple reply, or minutes for a small program listing, left 
much to be desired. At that time, a CRT or video termi¬ 
nal was considered a luxury; its writing speed of 1000 cps 
or more made it an excellent means of communication. 
But when you were through working with the computer, 
you had no written record of what transpired. 

Today the situation is quite different. Advances in 
microelectronics have made the video display much less 
expensive and almost all personal computers use them as 
the primary output device. This leaves most hobbyists 
without any way to generate hard copy. Printers have 
become the luxury of home computerists, especially when 
you consider that the price of a good printer may equal or 
exceed the cost of the computer itself. Whether printed 
output is your primary goal (generating mailing labels, 
invoices, tickets, etc.) or strictly a convenience (listing 
long programs to make them easier to read and debug), 
the following information should help you choose the 
right printer for you. 

Printer basics 

Printers can be classified as either impact or non¬ 
impact, with either complete or matrix character forma¬ 
tion. Impact printers operate much like an ordinary type¬ 
writer; they rely upon a hard object striking against a 
ribbon to transfer ink onto the paper. 

Non-impact printers use a variety of other technologies 
to convert electrical signals into readable copy. As for 
character formation, fully formed characters are printed 
with a single stroke of an appropriate die. Matrix printing 
divides the character field into a finite number of cells 
(dots) in the same way most CRT and video displays do. 

These two basic parameters represent many of the 
tradeoffs that can help you narrow down your choice of 


printers quite rapidly. For example, while offering good 
printing speed at low cost, non-impact printers usually 
require special paper and cannot generate simultaneous 
multiple copies. So if you want to print mailing labels or 
multipart forms, you must use an impact printer. For 
highest quality printing, fully formed characters are 
desirable; but matrix printers allow special characters and 
graphics to be printed along with the ordinary text. 

Almost all non-impact printers have matrixed charac¬ 
ters. Thus we can divide printers into three categories: 
fully formed impact, matrix impact and matrix non¬ 
impact. 

Fully formed impact 

This type of printer can range from modified electric 
typewriters to high-speed drum and band printers. 
Changing fonts (where possible) calls for replacing the 
print die. Paper advance can be either friction feed or 
tractor feed. Furthermore since this is the oldest printer 
technology, there are many of this type of printer avail¬ 
able. 

Cheap and dirty 

Probably the least expensive approach to making a 
printer is to add a bank of solenoids to an electric type¬ 
writer. The solenoids are positioned over each key and 
connected to the computer so that they can be actuated at 
the proper time. Mechanical limitations keep printing 
speed rather slow (less than 10 cps) and the mechanisms 
are fairly noisy. But print quality can be very good and the 
ability to use almost any kind of paper is a real plus for the 
hobbyist. Some newer models have interchangeable char¬ 
acters on one or two keys that can be used for special 
applications. If your main desire is to print a large number 
of letters on your own stationery, this might be an 
economic solution. 

Selectric based printers ^ 

Along these same lines, the ball-type Selectric (an IBM 3 
trademark) typewriters were made into portable comput- x 
er terminals. With a top speed of 15 cps, they also double £ 
as an excellent typewriter for standard use. Without <0 
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CHARACTER WHEEL HAS THREE CHARACTER SETS, 
ARRANGED IN SIX SEGMENTS OF 32 CHARACTERS EACH. 
Isix HAMMERS INTERACT WITH SIX BANDS OF CHARACTERS. 

r FIG. 1—CYLINDER BASED PRINtlNG is used in 
many terminais. 


modification, Selectrics require a different electrical code 
than microcomputers. Additional circuits must be added 
to make them work with the standard ASCII code. 
Because of this, most Selectrics can be used for printing 
only (the keyboard cannot be used as input to the comput¬ 
er). Many suppliers have used or refurbished units for 
sale at a reasonable price; some include the ASCII 
conversion. Interchangeable type-balls are available and 
you can change character fonts easily and quickly. 

Teletypes 

While on the subject of full-character impact printers, 
we should mention the Teletype model 33’s. These are 
complete send/receive terminals that were the workhorse 
of the computer industry not too many years ago. Because 
there are so many used model 33’s available at low cost, 
many hobbyists have used them as printers. Painfully 
slow (10 cps) and even more painfully loud (they can 
make any room sound like a network newsroom), they 
offer fine print quality and an extra keyboard if you want 
to use it. 

Cylinder drum printers 

These printers use a character-studded, rotating cylin¬ 
der or drum (see Fig. 1). A series of hammers strike the 
paper against an inked ribbon and the drum to transfer 
the character onto the paper. The hammers are fired 
under electromechanical control so they strike the paper 
at the precise time when the appropriate character on the 
drum is opposite the hammer. A cylinder printer may 
contain one to ten complete sets of characters on its face. 
Thus several characters may be printed before the cylin¬ 
der must be moved horizontally to its next position. 

A drum printer (see Fig. 2) has up to 132 character sets 
(one for each column that it can print). An entire line is 
printed at once without any horizontal carriage move¬ 
ment. This type printer consists of a wide range of print- 
g ers—both in price (from under $400 to over $ 10,000) and 
2 speed [10 cps to 2000 1pm (Lines Per Minute)]. 

^ Daisy wheel 

j These devices get their name from the petal-like 
jj) construction of their printheads (see Fig 3). A servo- 
Q mechanism controls the position of the character wheel so 
oc when the correct character petal has been spun into place. 



is printed. 




a hammer forces the petal into contact with the ribbon 
and paper. Their high speed translates into high cost 
($2000 +) making daisy-wheel printers a prize that is 
usually beyond the reach of most hobbyists. 

































ROM’s output, fed through power amplifiers, activates solenoids 
that cause the print wires to impact ribbon and paper. 



FIG. 6—THE PRINTHEAD OF A THERMAL PRINTER may contain 
35 resistive heating elements. 



FIG. 7—AN ELECTROSENSITIVE PRINTHEAD creates a spark 
between the head and the paper. Metal roller completes circuit 
by contacting paper surface across its full width. 


Band printers 

At the high end of the impact printer field are the band 
printers (see Fig. 4). Although currently too expensive 
for personal computer systems, a brief description of their 
operation is included. The major difference with band 
printers is that the character elements are mounted on a 
continuous band or chain. The band constantly rotates in 
front of a bank of hammers, one for each column. Again, 
precise timing is needed to strike the hammers when the 
appropriate character is in place. 


Matrix impact 

All printers in this category use a technique similar to 
that shown in Fig. 5. Because each character is formed by 
several strokes, more sophisticated electronics are needed 
to control the printhead. The head itself consists of seven 
to nine print “wires.” Each one is activated separately to 
print a small dot on the paper. The wires are oriented 
vertically and the entire printhead moves horizontally 
along the carriage. After five to seven printing steps, an 
entire character has been printed and the head moves on 
to the next column. The most common matrix dimensions 
are 5 X 7 and 7X9. Obviously, the greater the number 
of printing points, the better the resolution and character 
quality. 

Although there is no mechanical way to change charac¬ 
ter fonts, different characters can be generated (within 
the limitations of the matrix) by simple software changes. 
Graphics are easily printed since most computers gener¬ 
ate them in dot-matrix form. Friction or tractor-fed paper 
as well as labels, tickets, etc. pose no problems. 

Fairly high speeds can be obtained with this method 
and at relatively low cost. In general, dot-matrix printers 
are much quieter too. 

Non-impact printers 

The increased need for low-cost, ultra-quiet and ultra¬ 
fast printers has spawned the growth of several new print¬ 
er technologies. Fundamentally, these non-impact tech¬ 
niques prohibit multiple form copying and many require 
special paper. However, where each method excels, it 
usually makes up for any drawbacks. Because of the need 
for special paper, friction feed is used, and the lack of 
fan-fold paper makes long listings hard to handle. On the 
pro side, these printers are the quietest ones you can 
buy. 

Thermal printers 

Thermal printing requires a specially treated paper. 
This heat-sensitive paper changes color when heated to a 
temperature of about 200° F. A thermal printhead, there¬ 
fore, consists of a series of heating elements mounted so 
that they can create matrixed characters (see Fig. 6). 
Speed limitations are imposed by the fact that the 
elements must cool down sufficiently (after being acti¬ 
vated) before the printhead can move on to the next posi¬ 
tion. 

To lower cost, many models print “on the fly”; that is, 
the head is moved at a constant rate from left to right and 
the elements are activated while the printhead is moving. 
Although this causes the dots to smear a little, it can 
actually improve the print quality. Thermal printers boast 
high reliability, low cost, nearly silent operation and fairly 
good readability. 

Electrosensitive printers 

As with thermal printers, electrosensitive printers 
require special paper and use a matrix printhead to create 
hard copy. In this case, a dark paper is coated with a thin 
conductive layer that gives it a shiny metal-like appear¬ 
ance. This paper is passed in front of a printhead that 
consists of tiny electrodes connected to a switchable volt¬ 
age source (see Fig. 7). A pressure roller contacts the 
surface of the paper to complete the circuit. When the 
electrodes are switched on, a small spark jumps between 
the electrode and the paper. This spark burns away the 















metallized coating at that point leaving the dark paper 
showing through. Since the gap between the paper and 
printhead is very small, only about 50 volts are needed to 
generate a spark. 

Most electrosensitive printheads create a column of 
dots at a time. Moving left to right, they can easily print 
characters on the fly. An alternative approach is to use 
one large, stationary printhead, with enough electrodes to 
cover the complete width of the paper. In this manner, a 
complete row of dots are created (for all the characters on 
one line). Several vertical paper motions are needed to 
complete the line. To print a line at a time, a buffer is 
needed to store all the characters for that line: therefore, 
printing cannot start until the entire line has been 
received. The biggest disadvantage of electrosensitive 
printers is that the metallized paper makes for poor read¬ 
ability. Making a photocopy of the printed output helps. 

Ink-jet printers 

The latest advances in non-impact printing have been 
the ink-jet-type devices. We have included a description 
of such printers although their cost prohibits use in a 
personal computer system (see Fig. 8). Basically, ink-jet 
printers attempt to imitate the operation of a CRT screen. 
Charged particles of ink are deflected electrostatically to 
land on the paper in the shape of the desired character. 



Several different schemes have been developed to create 
the charged ink drops, deflect them and collect the 
unused ink. This technology promises to greatly increase 
printing speeds while eliminating all noise except that 
generated in moving the paper. 

Xerographic printers 

Another related, and still too expensive, type of printer 
is the xerographic printer. As you might guess, these 
devices use an electrostatic/toner design similar to the 
way photocopy machines work. 

Let’s wind it up 

g Other things to look for when buying a printer are 
g paper-feed mechanisms, carriage control and data-han- 
oc dling capabilities. For most applications, friction feed is 
o fine (you can use tractor-feed paper in a friction-feed 
[jj printer). Tractor feed is only needed when precise align- 
g ment of the paper or special forms are used. Above all, be 
Q sure that the printer will handle the maximum size paper 
“c that you wish to use. 


GLOSSARY OF PRINTER TERMS 
BAUD RATE—Speed of serial data transmission in 
bits-per-second. 7 data bits plus a parity, start and stop 
bit make for 10 bits-per-character. Therefore, the baud 
rate divided by ten yields characters per second (data 
rate, not necessarily printing speed). 

BI-DIRECTIONAL PRINTING—Printing characters ei¬ 
ther left to right or right to left. Normally a printhead 
travels left to right while printing and then returns to the 
left margin to print the next line. Bi-directional printers 
will usually check the length of the next line to be printed 
and then, depending on its current position, either print 
the next line backwards (right to left) or return to the left 
margin and print the next line in the normal direction. 
CPS—Characters per second. A unit of speed used to 
quantify printers. 

FONT—Character style and size (gothic, script, etc.). 
HANDSHAKING—Signals used to coordinate the op¬ 
eration of a peripherai with the computer. A printer 
might require a signal from the computer to tell it when 
data is going to be sent and in return might signal the 
computer when it is ready to receive the data. 

HARD COPY—A slang term used to describe any type 
of written output from the computer. 

INSTANTANEOUS PRINTING SPEED—The rate that 
the printhead can actuaily print characters. It does not 
include the time needed to return the carriage to its 
starting position. 

LPM—Lines per minute. Another unit of speed for 
printers, especially those that print a line at a time. 
PARALLEL PRINTER INTERFACE—Connection to the 
computer whereby the character data is transferred all 
at one time along seven or eight data lines. Handshaking 
signals are also used to coordinate printing. 

RS-232—A widely used serial interface standard. This 
standard specifies the voltage levels (bipolar) and con¬ 
nector wiring so that all RS-232 devices will work prop¬ 
erly with each other. 

SERIAL PRINTER INTERFACE—Connection to the 
computer whereby all data is transferred over a single 
pair of wires. Data from the computer is serialized (bro¬ 
ken up into individual bits), and synchronization infor¬ 
mation is added to allow the receiving device to recon¬ 
struct the original data. 

TELETYPE OR CURRENT LOOP—A serial interface 
standard which uses a 20 mA (or 60 mA) current to 
transmit information. 


If precise horizontal or vertical tabbing is required, 
then check out these capabilities of each printer. 

Finally, be careful when judging a printer’s overall 
speed. Don’t confuse a printer’s maximum or instanta¬ 
neous printing speed with its sustained throughput capa¬ 
bilities. Furthermore, serial printers have a baud rafe 
which may be quite a bit higher than the speed at which it 
can actually print. If there is any type of input buffer, 
then the printer can accept a large amount of data in a 
rapid burst and then print it all out at its own rate. 

Not wishing to overlook the obvious, it is imperative 
that you have the proper interface between the computer 
and the printer. This will be either a serial current loop or 
RS-232 standard, or a parallel interface with proper 
handshaking. Once connected and operating, a printer can 
be the most valuable addition to your computer. r-e 
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All About Floppys 

When you need more storage capability for your personal 
computer and require faster access speed than a 
cassette tape recorder, a floppy disc is for you. Here’s how to select one. 


KARL SAVON 

SEMICONDUCTOR EDITOR 

ABOUT THE TIME YOU’VE ADDED A SIZABLE CHUNK 
of memory to your microcomputer system, your tape 
cassette is working fine with an organized index system, 
and you spend three-quarters of your waking hours 
searching tapes and copying from one to another, you’re 
ready for a floppy disc. 

Short of a very high capacity hard-disc system, adding 
a floppy marks the turning point to a new dimension in 
micrdcomputing. It is at this juncture that you graduate 
to professional capabilities. Besides the luxuries of quick 
filekeeping that are a giant step up in convenience, 
completely new techniques are opened to you. 

Now Fortran, BASIC and Pascal compilers replace the 
BASIC interpreter you have learned to live with. The 
ability to load and overlay versatile operating system 
programs rapidly into your computer memory really gets 
you cooking with gas. And for those of you with real- 
world business and scientific applications, this is the point 
where you begin solving those extra complicated prob¬ 
lems you’ve been putting aside. 

Regardless of specific discipline, most computer users 
are interested in text editing software; we all have the 
occasion to write reports and letters. Unfortunately, this 
software can eat up as much as 75% of your random- 
access-memory space, and leave room for a mere two 
pages or less of text. 

You may also have a nagging desire to do something 
substantial in machine language, but find that your 
sophisticated assembler takes up most of your machine’s 
memory and only lets you assemble a couple of hundred 
words of code. A floppy ends these kinds of limitations by 
filling computer memory with only the particular routines 
needed at any one time. Once the contained function at 
hand is completed, the next program segment is automat¬ 
ically loaded to attack the next sequential task. 

During each processing function, the disc provides 
convenient addressable storage for numbers or text that 
don’t require the ultra-rapid access of semiconductor 
memory, but must be close at hand. Business applications 
use the disc to store a repertoire of bookkeeping programs 
and provides quick retrieval for statistical processing of 
the thousands of pieces of information that have been 
collecled. 

A floppy disc is similar in appearance to a phonograph 
record, but is more flexible, and in most cases is physi¬ 
cally deformed as the magnetic head and pressure pad 
contact the disc surface. There are some notable floating 



MECA MODEL DELTA 1 floppy disc system 


head exceptions that, despite superior media longevity, 
are not going to fit into your long-term compatibility 
plans, not to say anything about cost. The disc spins about 
360 rpm and stores data on one or both of its surfaces. 

A disc is a random-access device much like program 
memory. In contrast to the sequential nature of tape, you 
can locate anything stored on a disc much faster than on a 
tape and without rewinding. The magnetic head is posi- 
tioped over circular tracks with a servo-controlled step¬ 
per, or voice-coil head positioner. The magnetic disc 
surface has a life expectancy of 10® loaded passes. 

Be sure that the disc system has an automatic head 
lifter that separates the head from the disc after some 
predetermined time following a read or write operation. 
Whenever the disc spins, even with the head lifted, there 
is a certain amount of unavoidable wear caused by the 
friction between the disc and its protective jacket. The 
access time to get from one track to another, added to the 
settling time to load the head in contact with the disc, 
varies between 10 and 100 milliseconds from product to 
product. The faster the better. 

What size disc for you? 

One of the first decisions is to select disc size. Fortu¬ 
nately there are only two: the full size 8-inch disc, and the 
5‘/4-inch minidisc. Obviously the larger disc holds more 
information than the smaller one and has the higher price 
tag. The 8-inch disc holds some 3.2 megabits of unfor¬ 
matted data. That is, there are somewhat over three 
million binary storage locations. However, to keep every¬ 
thing in its proper place requires an indexing and data s 
identification system. Cyclic redundancy codes must be 3 
set up to help you know when the data is reliable. i 

In the widely adopted IBM format, identifiers are writ- 
ten in front of each record; and records are separated by 3 
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AN 8-INCH FLOPPY DISC cysfem by Smoke Signal Broadcasting 


By the time you’re finished, the formatted disc capacity 
has been pared down to 1.9 megabits. When this is 
divided by 8 bits-per-word, you have some 250,000 words 
of storage. Transfer rates for the fulTsize disc are about 
250,000 bits-per-second. The standard format consists of 
77 concentric tracks, each with 26 sectors, and each sector 
containing 128 bytes. Some discs use hard sectoring 
where a series of physical holes identify sectors so that 
less disc overhead is used. If you foresee the need to be 
compatible with hard sectored formats, make sure the 
system is expandable to control hard sectored drives. 


THE DYNABYTE DB8/4 disc-drive system 

system programs such as assemblers and compilers, two 
discs have the advantage of being able to input data from 
one disc and storing output on the other. One disc can 
hold the operating system elements that are called up as 
required, and the other stores the text, data or other 
outputs. 

A dual disc system that can load both heads at the same 
time will carry out copy operations with even higher effi¬ 
ciency. Another alternative to consider is to use a single 
disc, but do archival storage on tape. The tape writing and 
disc regeneration procedures will be slower than with two 
discs but still manageable. So when you list the system 
alternatives be sure to consider multiple disc expansion. 

If the cost of a dual-drive 8-inch floppy is just too much 
of an investment, see if the capacity of a dual minifloppy 
is sufficient. There are, of course, exceptional situations 
where a restricted application requires only large storage, 
and a single-drive is justified. 

Several disc systems use double density recording tech¬ 
niques. By using improved, modified FM (MFM) or 
group code recording (GCR) encoding methods, they 
pack twice the number of bits on the same size disc. 
Double density recording methods make room for addi¬ 
tional information by eliminating the clock signal. The 
clock, though, can be recovered through clever decoding 
algorithms. There seems to be a general feeling that the 
present reliability is not quite up to what it is for single¬ 
density recording, but that should soon be at an equal 
level. 


The S’A-inch floppy 

The 5'/4-inch disc works out to about one-quarter the 
8-inch capacity; about 72K formatted bytes, with a 125 
kilobit-per-second transfer rate. A 5‘/4-inch drive costs 
roughly 60% the price of an 8-inch drive, but before you 
make your size decision let’s make one more observation. 
In the course of using your system you will discover that 
two disc drives add up to more than just doubled storage 
capacity. Once you have a single disc drive set up with 
your favorite programs, operating system, or data, and 
you finally sit down a moment to think, you will find 
yourself beginning to shake. On that one record, you 
figure out you’ve invested about three months of your life. 
You realize that it is vulnerable. What should happen if 
that disc gives you an unrecoverable load error, or one of 
the kids tries to play it on his phonograph? 

Yes, it would be nice to have a copy stowed away. 
Copying, by loading one program at a time and then 
saving it on another disc is a long, tedious, annoying 
procedure at best. Two discs give the invaluable flexibility 
of copying one automatically to the other, using utility 
copy programs in a completely painless manner. Running 


is done by reading the data back jiist 
after it is written (usually on the next disc revolution). 
Soft error specifications are between 1 in 10* to 10’ bits, 
indicating how often a bit is read incorrectly. Soft errors 
are caused by noise and are overcome by simply repeating 
the read operation. Hard errors, on the other hand, repre¬ 
sent permanent defects on the disc and typically occur 
once in 10” to 10'^ bits. Seek errors occur about once 
every 10* accesses and are the times when the head under¬ 
shoots or overshoots the correct track and must go back to 
track 0 and try again. 













Check the reliability figure comparisons between single 
and double density recording, when available, and don’t 
be fooled by reliability claims that cover just the electron¬ 
ics. A couple of clever drives have discovered that the disc 
has two sides and access twice normal capacity with two 
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heads. There are reports, though, of disc damage due to 
the loss of the cushioning effects of the single head and 
pad combination. Combining double density and double 
side recording gives the minifloppy the same capacity as 
the full size floppy disc (with slower throughput). 

Interfacing to your computer 

The disc must get connected to your computer. Many 
varieties and degrees of interfacing are available. Unless 
you’re a glutton for punishment, don’t go out and 
purchase a basic disc drive mechanism hoping to save a lot 
of cash by doing your own interfacing. Several reasonably 
priced systems are on the market that have been designed 
by experts, and have been debugged for many, many 
hours. You would go a long way to duplicate their perfor¬ 
mance. Many include complete hardware and software 
packages. The disc controller carries out the head posi¬ 
tioning, head loading, sector identification and motor 
control functions. 

Relatively new floppy disc controller IC’s have greatly 
reduced controller complexity and price. They eliminate 
many IC packages and result in a more reliable, less 
densely packed controller board. 

Usually some form of read-only-memory bootstrap is 
used to get things started. Until some minimum of soft¬ 
ware is loaded into the computer, it and the disc will not 
be able to communicate. Once the basic link has been 
established, more efficient loaders and operating system 
program modules can be transferred from disc to comput¬ 
er memory. Many systems require a large chunk of user 
memory, which may still work out to be cost-effective. 

Some elemental systems require various machine lan¬ 
guage sequences to control disc operations and may 
require substantial machine language programming effort 
on the user’s part. This is not for most of you. You have 
the option of obtaining operating system software from 
the disc drive manufacturer or from some other source. 
Generally, the first choice is more desirable, since it 
offers a higher confidence level that the bugs have been 
ironed out or that you will be kept informed of corrective 
patches as they are developed. 


Most operating systems use a monitor that is trans¬ 
ferred into memory. The monitor responds to keyboard 
commands by either carrying out the simpler tasks itself 
or calling a more complex executing operating system 
module from the disc. Know the computer memory 
requirements to support the program modules. Twenty- 
four kilobytes is not unusual to support disc BASIC, for 
example. 

The operating system should include utilities for mem¬ 
ory and program listings. Look for an initialization proce¬ 
dure that not only formats a blank disc, but allows you to 
later reconfigure the system when other peripherals or 
additional discs are added. Usually subtle software 
changes have tq be made in the operating system, and it is 
highly desirable to be able to go through a documented 
procedure without having to scrap the whole thing. It is 
very important to recognize that the floppy disc software 
not only controls the disc itself, but the entire microcom¬ 
puter system. In effect, the floppy disc operating system 
becomes the controller for all other peripherals. 

All operating systems should include basic delete, 
rename, directory and copy programs to perform the rudi¬ 
mentary day-to-day jobs you’re buying the disc for in the 
first place. Look for some version of a chain command 
that lets one program module call in a second from the 
disc, giving large virtual memory appearance. Operating 
systems should include methods for keeping track of hard 
disc errors. A defective sector table is conventionally 
composed to flag those places on the disc found to be 
unusable. 

Watch the mechanics of the interface. Several disc 
varieties include single or double board controllers that 
plug into standard S-100 motherboard slots. Others 
include the controller as part of the disc system and have a 
cable and connector that runs over to the computer. Be 
sure you have included the costs of all the interface 
components in your estimates. It is not unusual for the 
interface electronics to cost as much or more than the disc 
drive itself. 

Power supplies are another consideration. Some units 
may require 30 watts, and some 300 watts, depending on 
the number of drives and the extent and efficiency of the 
system. Power supplies are often not included as a part of 
the disc system and represent additional cost and space. 

A couple of floppy systems operate optionally or exclu¬ 
sively through serial RS232C ports. This is OK for some 
basic data storage requirements where the disc is replac¬ 
ing an outdated paper tape system, but it is too slow for 
general versatility. After all, the system should give its 
full performance potential, not just replace paper or 
magnetic tape. 

At the outset try to access your ultimate goals. Does 
the system you’ve selected have the capability to expand 
to 4 or 8 drives for the sophisticated application you have 
in mind for the future? Exactly what is required to carry 
out that expansion? Try to combine the technical specifi¬ 
cations with the perspectives of experienced floppy users. 
Experienced users are in a position to quickly point out 
the weaknesses and advantages of specific systems, which 
are not mentioned in the data sheets. Talk it over with 
several members of a local computer club or a computer 
user at a nearby high school or college. Your choice will 
rapidly narrow to the two or three systems that are being 
universally accepted due to their relative freedom from 
problems, and you will enjoy an exciting new dimension 
of an already mind-boggling activity. R-E 







CRT Terminals 


KARL SAVON 

THE INNER SECRETS OF YOUR MICROCOMPUTER SYSTEM 
are best viewed through the eyes of a CRT terminal. 
Input commands, output listings, and program writing 
and execution are all supervised from the keyboard and 
displayed on the screen. The terminal’s ease of operation 
and reliability directly affect the overall utility of the 
complete computer system. 

Theoretically, a computer system can be controlled 
completely with a series of simple switches and some 
LED indicators. In fact, that is exactly the way many 
early microcomputers were equipped. But you can’t get 
much useful work done with such primitive handles. To 
address these shortcomings, the CRT terminal has 
emerged as the system focal point, with input facility at a 
conversational rate and with output capability essentially 
limited by the calculative speed of the particular program 
being executed. 

Your present computer input/output device may be an 
intermediate combination of a simple keyboard and an 
LED alphanumeric display. You’re now ready for a high¬ 
er level of communication. Or you may be in the process 
of expanding an elementary learning system, having just 
added memory and maybe a basic interpreter in rom, 
and are ready for better computer interaction. In either 
case, the display of a full page of information in response 
to typed commands announces your arrival out of phase- 
one and hopefully into the productive application phase. 

The transmitter keyboard unit and the display CRT 
receiver are entirely separate entities except for common 
power supplies. You can actually purchase the two 
elements separately. The display looks peripherally like a 
TV receiver, but don’t assume it will have similar perfor¬ 
mance. 

Screen brightness must be high enough for comfortable 
viewing under prevalent ambient light conditions. Ideally, 
g brightness and contrast should be user adjustable. Color 
z is available where graphic complexity warrants it to 
§ emphasize significant display features, or simply for its 
o attraction in personal computer applications. Examine the 
jj screen for linearity and resolution. Even though the 
(J, CRT’s tend to use standard television deflection methods 
5 and have scan rates close to NTSC standards, many suffer 
oc from linearity deficiencies when compared with your 


To many newcomers to the field of 
more experienced users, the CRT terminal 
discusses the CRT terminal and 

living room instrument. Resolution may be greater than 
most TV receivers, but large screen sizes are generally 
unjustified except for group demonstrations. 

The most common screens measure 12 inches diagonal¬ 
ly and use a P4 white phosphor. Many can be optionally 
equipped with P31 green. If possible, as with any expen¬ 
sive product, examine the terminal through a hands-on 
trial, preferably connected to a computer similar to your 
own. 

Characters are most often displayed as dot matrices. A 
character decoder-generator uses a read-only-memory to 
convert ASCII or other codes into their equivalent dot 
matrix patterns. Even normally nonprinting character 
codes are displayed on some terminals. The dot matrix is 
usually 5X7 dots dedicated to the character itself with at 
least one additional horizontal and one vertical line sepa¬ 
rating characters and lines. Other common formats are 7 
X 10 and 9X9 matrices. Larger matrix formats have 
room for standard lower-case characters. Others simply 
use smaller versions of the format or font used for capitals 
as pseudo lower case. 

Deluxe character generators give more detail and fanci¬ 
er letters and have correspondingly larger matrix sizes. 

They are available in languages other than English, 
including French, German, Swedish and Japanese. If you 
are interested in APL {A Programmers Language) pro¬ 
gramming, search out the terminals with the nonstandard 
APL characters. There may be 64, 96 or 128 characters in 
the sets, and terminals with graphic capability typically 
include 256 characters. Screen format consists of 1000 to 
2000 characters arranged in lines that may be 40, 64, 72 
or 80 characters long. 

Some terminals let you define your own characters on a 
dot by dot basis, or by groups of dots. Graphics users 
must know the number of controllable dots along both 
axes. And if your graphic applications are serious and 
extensive, you may want to consider vector graphic capa¬ 
bility which lets you do things like define end points and 
the terminal fills in the rest. Business users will want to 
explore the terminals that are specifically designed to 
simulate business forms on the screen. 

Automatic right-margin wraparound is a fairly stan¬ 
dard feature that permits multiple line entry before a 
keyed carriage return terminator signals the true end of 
the line. This feature is very important when a relatively 






Selscting The Right One 


personal computers as well as many 

is the most visible component. This article 

tells what to look for when selecting one for your system. 


wide column printer is used to create hard copy. For 
example, using an 80-column printer, it is necessary to 
accept two 40-character CRT generated lines without an 
embedded carriage return and line feed. In other words, a 
carriage-return line feed combination is automatically 
generated for the CRT screen but is not transmitted to 
the printer interface. 

Terminal types 

There are three basic terminal classifications; Dumb, 
smart and intelligent. Regardless of “intelligence” level, 
any of the three types may well be microprocessor 
controlled. Integrated circuit video display controllers are 
also helping cut component counts roughly in half. 

The dumb terminal is the least expensive, little more 
than a keyboard and CRT display, appropriately called a 
glass teletype. The glass teletype is much, much quieter 
than the venerable device it replaces, and for the 80% of 
the time that hard copy is not needed, the quiet is a 
welcome relief. Fan cooling may be used to increase reli¬ 
ability, but make sure it is quiet. If the fan noise level is 
going to be disturbing in a relatively quiet room, you had 
better select a fanless terminal. 

The smart terminal has self-contained editing hardware 
and firmware usually implemented through a movable 
cursor. The cursor may take the form of a blinking square 
or blinking or nonblinking underline. Editing techniques 
include inserting, writing over and deleting on-screen 
information. Editing results are displayed immediately 
with little chance for misinterpretation. System applica¬ 
tions that do not tie up the CPU processor during editing 
sessions offer the alternative of using the computer 
processor as a controller to make a dumb terminal look 
smart. 

The intelligent terminal approaches a complete micro¬ 
computer in function. In addition to the editing facility of 
the smart terminal, it is programmable. Intelligent termi¬ 
nals may include built-in peripherals such as floppy discs 
and magnetic-tape-cassette drives. The two higher termi¬ 
nal classes may have addressable cursors. Designated 
control character codes give left, right, up, down, home 
and clear functions as well as direct addressing. 

Data is normally entered starting with a clear screen at 
the top left and fills the screen downward, line by line. 
When the bottom screen perimeter is reached, the entire 


page scrolls upward, eliminating the top line leaving room 
for a new entry at the bottom. Page-mode is sometimes 
supplied as a switch-selectable feature. Page-mode fills 
the screen from top to bottom but when the page is filled, 
the screen is cleared and entry begins anew at the top. 
Memory options for off-screen storage are nearly essen¬ 
tial on a CRT terminal using page mode, which may 
explain its relative unpopularity. 

About keyboards 

The keyboard has 50 or more keys and may include a 
separate numeric keypad for voluminous arithmetic 
input. Touch typists will find formats that put numbers 
only on the separate keypad very annoying. In fact, many 
keyboard layouts which may appear similar to a typewrit¬ 
er intermix graphic symbols as upper-case characters and 
define normal upper-case typewriter symbols as lower 
case. These arrangements will give the experienced typist 
headaches as he switches between typewriter and termi¬ 
nal. 

Some keyboards have an upper/lower-case switch to 
generate letters, graphics and control characters from a 
limited number of keys. Nearly standard typewriter key¬ 
boards can be found though. They have a capital lock key 
and a separate (5th) row of keys for control characters. 

Keyboard layout may resemble a typewriter’s, but, for 
example (although unusual), may be simplified by 
arranging keys in vertical columns. Keyswitch feel varies 
considerably and you certainly want the switch contacts 
to be reliable. The quality of the key switches themselves 
are vital. Some of the most sophisticated keyboards 
include quadruple redundant reed switches that even 
operate perfectly if one or more of the contacts become 
noisy or fail. Highly reliable noncontacting keyswitches 
use capacitive, photoelectric or Hall-effect sensing mech¬ 
anisms. The keyboard should incorporate 2-key or n-key 
rollover so data can be entered at high rates with a mini¬ 
mum of errors. Several keytops are often removable for 
special application customizing. 

Important extra features ^ 

Reverse video is a common feature for emphasizing 3 
characters or groups of characters as well as extending S 
graphic effects. Sophisticated terminals permit protection 5 
of designated screen areas from accidental erasure and 2 
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can selectively blink several characters simultaneously. A 
rare feature is the ability to emphasize text by doubling 
the character width. Character dimming or brightness 
modulation is another fairly common feature. 

There are a couple of seemingly unimportant features 
that are of interest to specific groups of users. For exam¬ 
ple, when the cursor approaches the end of the line an 
audio tone may sound, analogous to the typewriter bell. 
Tone trigger position is occasionally programmable. 
These terminals invariably can trigger the tone from a 
computer instruction, normally the ASCII 7 print com¬ 
mand. Several or all keys may be auto repeating. After a 
prescribed time out following key closure, the keyboard 
system generates a fixed rate character repetition. 

Once in a while problems are caused by the convention 
of automatic line feed following carriage return. You 
normally expect the CRT display to increment or line 
feed once each time the return key is hit in typewriter 
fashion. However, some tabbing operations require car¬ 
riage returns without line feeds. If the computer automat¬ 
ically sends out carriage-return line-feed combinations 
for either carriage return or line feed, the display format 
will alternate blank lines with printout. The terminal 
should include a switch or jumper option to disable auto¬ 
matic line feeds. But you may have to add this feature 
yourself; it isn’t difficult. 

Interface connections 

The terminal may interface to the computer through 
serial or parallel connections. Serial formats are conven¬ 
tionally RS232C asynchronous sequences of start, data, 
parity and stop bits. Word format may be DIP switch or 
jumper selectable since universal asynchronous receiver 
transmitter IC’s are easily programmed by voltage levels 
on specific terminals. Even or odd parity and the number 
of stop bits are selected to be compatible with 9, 10 or 
11-bit computer formats. The standard RS232C interface 
g uses bipolar signal levels but the same basic format is used 
z in TTL-compatible single polarity systems. Another wide- 
tt ly used serial interface is teletype-compatible where series 
o current loops of 20 or 60 milliamps are established, 
jjj Serial communications between the computer and 
g terminal is half or full duplex. In half duplex, the comput- 
Q er and CRT receive data at nonoverlapping intervals, 
oc While typing the keyboard signal is routed to both the 


CRT and the computer so that the input is displayed. If 
the connection between terminal and computer were 
broken, the CRT would still respond, and it would only be 
later due to lack of computer response that you would 
know something is wrong. In full duplex, the two direc¬ 
tional paths can operate at the same time. When the 
computer receives a character from the keyboard it 
responds by echoing the same character which is then 
displayed by the CRT. Serial transmission rates are 
between 75 and 19,200 bits per second. 

Parallel interfaces can handle much higher data rates 
and are usually carried out with eight parallel data lines 
and a couple of handshaking leads. Parallel interfacing is a 
synchronous operation and signals are generated to tell 
when data has been accepted, when the receiver is busy 
and cannot accept data, and when data is valid. Parallel 
outputs are often three state; they have an open state so 
several terminals or other peripherals can operate in 
parallel on the same data lines. 

Terminals can interface directly to the IEEE Bus when 
properly equipped or through adapters. The IEEE Bus is 
a parallel 8-bit bus that can send device selection address 
information over the same leads. Crystal-controlled baud- 
rate generators offer the best tolerance to variable envi¬ 
ronmental conditions. Some serial terminal interfaces 
have separate transmit and receive baud-rate generators 
that allow the two paths to be split or operate at different 
data transfer rates. 

The 7-bit American Standard Code for Information 
Interchange (ASCII) is the nearly universal standard now 
in use. Five-level Baudot code is just about extinct for 
CRT computer terminal applications. Several graphics 
terminals expand ascii to an 8-bit code that doubles the 
character-set boundaries to 256. IBM EBDic format is an 
8-bit encoding format offered by a number of manufac¬ 
turers. 

Modems and data transmission 

Modem options allow terminals to be connected via the 
phone lines to remote computers or other terminals. 
Modems use frequency and phase-modulation techniques 
that when combined with error detection and correction 
techniques give reliable data transfers. While this is the 
method overwhelmingly used by time-sharing systems, 
more and more private computer users are turning to 
modems to access their machines when away from home. 
Acoustic couplers provide nonelectrical phone-line con¬ 
nections at limited data transmission rates. Computer 
information exchange networks are becoming common 
where club members access a disc-based computer system 
over phone lines. 

Data transmitted from the terminal to the computer is 
sent on a character-by-character basis as in the glass tele¬ 
type or may be sent a line or page at a time. Larger block 
transmission gives the operator the opportunity to correct 
errors before digestion by the computer. 

CRT terminals often have parallel or serial hard-copy 
adapter interfaces that directly drive printers to create 
hard copy of selected pages. This interface is similar to 
the computer interface except simpler, being one way. 

If you plan to do your own maintenance ask about 
serviceability. Are sockets used? Do the printed circuit 
boards slide out for easy access? Is there built-in diagnos¬ 
tic software? And most important of all be sure that the 
terminal you select will be capable of easily handling the 
tasks you intend to set before your computer. r-e 


62 





FLOPPYS 


PRICE 

$3,840.00 

$4,500.00 

1 $4,800.00 ‘ 

$5,300.00 

; $2,960.00 

$2,000.00 

$ 799.00 

TBA 

$ 499.00 

'§ 

$1,995.00 UP 

$4,395.00 

$2,995.00 

$2,195.00 

EXTENDED 

BASIC 

ii 


- 

Z 

Z 

Z 

- 

> 

NA 

- ; 

us 


- 

' - : 

z 


> 

> 

> 

> 

>■ 

>• 


NA 


CO 

>- 

- 


>• 

OPERATING 

SYSTEM 

INCL I 

(Y/N) 

2: 

- 

- ^ 


z 

- 

> 1 

>- 

‘ - : 

> 

>- 

> 

>- 

- 

avail! 

(Y/N) 

> ; 

> 

>- 

> 

>- 

>- 

- : 

> 

z 

' 

> 


; > 

> 

CONTROLLER 

BOARD 

INCL 

(Y/N) 

>- 

>- 

>■ 

> 

- 

Z 

> 

>- 

I. - 

>- 

> 

>- 

>- 

>■ 

AVAIL 1 

(Y/N) ! 

>- 

>- 

.... . 

>■ 

- 

>- 

- 


>■ 

' 

>- 


1 - 1 

>- 

1 

o 

< 

ALTOS 50 

ALTOS 50 

ALTOS 50 

z 

NA 

S-100 

IEEE 

488 

TRS-80 

PET 

g ; 

S-100 

OOl-S ' 

s -100 

LSI-11 

UNIVER¬ 

SAL 

MAX. CAPACITY 
(K Bytes of 

Data Per Drive) 

500 

500 

1000 i 

1000 

1000 

1000 


170 

S : 

400 

1200 

630 (SS) 

1200 (OS) 

ii 
■ ii 

500 

SIDES 

(Single/ 

Double) 



a 


CO 

CO 

CO 

CO 

CO 

° 


O'S 

a 

S, 0 
















DENSIT 

(Single 

Double 


o's 

CO 

S,D 




CO 

CO 

S,D 



i o 

S, 0 

FORMAT 

IBM 

IBM 

s 

m 

IBM 


' 

■ 256 ■ ! 

^ BYTES/ 

SECTOR 

OWN 

' 

1 

■ 1 s 

IBM 

s 

IBM 

3740 

NO. OF 
TRACKS 

S 

fS 

fS 

S 

fS 

s 



§ 

5 

- 


^ S 


NO. OF 
SECTORS 
(Per Track) 

S 

S 

s 

S 


s 

; cn 1 


1 s 

■ 



S 

S 

SECTOR 

TYPE 

(Hard/ 

Soft) 


CO 

CO 

CO 

CO 

CO 

1 CO 

CO 

1 CO 

CO 

CO 

CO 

! - 

CO 

SIZE 

(Inches) 







. - 

s 

s 

s 

i » 1 

s 

eo 

CO 

MODEL 

1 

o 

< 

ACS8000-2 

ACS8000-3 : 

ACS8000-4 

|aDD-2 

ADD-3 

' 1 

2040 

1 

0KH642 

FD-277/99 

OB 8/2 


EAS-FDDS 

MANUFACTURER 

ALTOS COMPUTER 
SYSTEMS 





CENTRAL 

DATA CORP. 

COMMODORE 

BUSINESS SYSTEMS 

COMPUTER INTERFACE 
TECHNOLOGY 

COMPU/THINK 

—.- -.’n 

DATATRONICS 

DYNABYTE INC. 


ELECTRO ANALYTIC 
SYSTEMS INC. 

























































































Pn 


Is 


si 


it 


Pi 


hi 

r-i 


ill 


111 


im 


I 1 


! I 


I 


ii il 


if 32 32 


ill P P 




I ! 


I I 


i i 


i i 


I I 


g g 


g s 

S s 


11 


1 I 


I s 


£ I 


Ll 


111 ! 




f!i 


ii 


I 

I 

i ilia 

ill 

liitii! 

iiJiill 


JliJi 


il I 









































CRT TERMINALS 





























MANUFACTURER 

ENCODED 

CHAR. 

BUFFER- 

(Y/N) 

HALF 

SPACING 

(Y/N) 

PROPDRT. 

SPACING 

(Y/N) 

MECH¬ 

ANISM 

HOUSING 

NCLUDED 

(Y/N) 

PA 

ROLL 

(Y/N) 

PER 

WIDTH 
(Max. In.) 

SHEET 

(Y/N) 

WIDTH 
(Max. In.) 

OTHER 


PRICE 


BOOTSTRAP 

ENTERPRISES 

INC. 

ASCII ; 

7' 

N 1 

N 

NEW ■ 

^ : 

Y 

Th 

- 

- 

- 

THERMAL 

$ 295.00 



ASCII 


N 

N 

NEW 

Y' 

Y 

I'k 

- 

- 

- 

THERMAL 

$ 349.00 


CENTRONICS 

ASCII 

Y 

N ; 

N 

NEW 

Y 

- 

- 

- 


- 

ELECTRO¬ 

STATIC 

$1,245.00 UP 



ASCII 

V 

N 

N 

NEW 

Y 

- 

- 

- 

- 

- 

ELECTRO¬ 

STATIC 

$1,245.00 UP 



ASCII 1 

Y 1 

N 

N ' 

NEW 

Y 

; V- 

8.5 : 

- 

- 

- 

ANY 

$1,245.00 UP 



ASCII 

V 

N 

N 

NEW 

Y 

V 

14.5^ 

- 

- 

- 

ANY 

$1,245.00 UP 



ASCII 

Y 

N 

N 

NEW 1 

V 

-: 

- ^ 







COMMODORE 

BUSINESS 

MACHINES 

ASCII 

Y 

N 

N 

NEW 

Y 


8% 

- 

- 


ROLL 

$ 695.00 



ASCII 

Y : 

N 

N : 

; NEW 

Y 

Y 

%% 

- 

- 


FORMS 

TBA 



ASCII 

V 

N 

N 

NEW 

Y 

Y 

8% 

- 

- 


EITHER 

TBA 


ELECTRONIC 

SYSTEMS 

ASCII ' 

Y 

N 


REFUft- 

Hhed 

Y 

Y 

15 

Y 

15 

- 

ANY 

$1,395.00 


FINDEX INC. 

ASCII 

Y 

N 

N 

NEW 

V 

- 

- 

- 

- 


- 

$2,200.00 


GRE DATA 
PRODUCTS 

ASCII 

V 

N ; 

' N 

NEW ■ 

N , 

Y 

814 

Y ( 

i 8% 

- 

TELETYPE 

$ 895.00 


HEATH 

CDMPANY 

ASCII 


N 

N 

NEW 

Y 


9.5 

Y 

9.5 

- 

ANY 

$ 895.00 



ASCII 

i Y ' 

N 

N ; 

; NEW 

Y 

Y 

14% 


14% 


TRACTOR 

$1,495.00 


INTEGRAL DATA 
SYSTEMS INC. 

ASCII 

V 

N 

- 

NEW 

Y 

Y 

8.5 

Y 

8.5 


ANY 

$ 799.00 



1 ASCII 

Y 

N 

- 

NEW 

Y ; 

Y 

8.5 : 

Y 

8.5 


ANY 

$ 949.00 


INTERNATIONAL 
ELECTRONIC 
EQUIPMENT CORP. 

ASCII 

v> 

N 

N 

NEW 

Y 

V 

TTY 

PAPER 

- 

- 

- 

- 

$ 650.00 


INTERNATIONAL 
PERIPHERAL 
SYSTEMS INC. 

ASCII 

EBCDIC 

Y 1 Y 

Y 

NEW 

■; 

Y 

14% 

Y 

14% j - 


- 






































MANUFACTURER 


INTERNATIONAL 
PERIPHERAL 
SYSTEMS INC. 


M.P.I. INC. 


MICRO 
COMPUTER 
DEVICES, INC. 


MICROMAIL 


PRINTER 

TERMINALS 

CORP. 


PROCESSOR 

TECHNOLOGY 


RADIO 

SHACK 


SOUTHWEST 

TECHNICAL 

PRODS 


TELPAR INC. 


VAMP INC. 


NOTES: 

’double WIDTH CHARACTERS ^TRACTOR FEED CPS (CHARACTERS PER SECOND) 

^200 CHARACTERS ^BIDIRECTIONAL TBA (TO BE ANNOUNCED) 

CHARACTER ''FULL LINE (80 CHARACTERS) 

'’friction feed ^MATRIX (YES), DAISY WHEEL (NO) 


INaUDES 

KEY¬ 

BOARD 

(Y/W) 


CAN USE 
AS STAND 
ALONE 
TYPE¬ 
WRITER 
(Y/N) 


IMPACT 

IMPACT 

IMPACT 

IMPACT 


DAISY 

WHEEL 

MATRIX 































CHAR. 





PAPER 







MANUFACTURER 

ENCODED 

JUFFER- 

(Y/N) 

HALF 

SPACING 

(Y/N) 

PROPORT. 

SPACING 

(Y/N) 

MECH- 

HOUSING 

NCLUDED 

(Y/N) 

ROLL 

(Y/N) 

WIDTH 
(Max. In.) 

SHEET 

(Y/N) 

WIDTH 
(Max. In.) 

OTHER 

PAPER 

PRICE 


INTERNATIONAL 
PERIPHERAL 
SYSTEMC INC. 

ASCII 

EBCDIC 

Y 


Y 

NEW 

Y 

Y 

14% 

Y 

14% 

- 

- 

- 


M.P.I. INC. 

ASCII 

Y^ 

N 

N 

NEW 

Y 

Y 

17 

Y 

17 

- 

ANY 

$ 749.00 



ASCII ■ 

Y^ 

N 

N 

NEW 


Y 

4 

N 

- 

- 

ANY 

$ 585.00 



ASCII 

y2 

N 

N 

NEW 

Y 

Y 

• 


- 

- 

ANY 

$ 585.00 



ASCII 

■ y2 I 

N 

N 

NEW 

Y 

^ Y 

4 

N i 

i - ' 

- 

ANY 

$ 485.00 



ASCII 

y3 

N 

N 

NEW 

Y 


4 

N 

- 

- 

ANY 

$ 425.00 


MICRO 

COMPUTER 
DEVICES, INC. 

, ASCII ! 


N i 

N ; 

; NEW 

Y 

Y 

15 

Y 

15 

- 

ANY 

$1,850.00 


MICROMAIL 

ASCII 


N 

N 

NEW 

Y 

- 

- 

Y . 

15 

- 

TRACTOR 

ANY 

$1,695.00 


PRINTER 















TERMINALS 

CORP. 







y 






$1,395.00 


PROCESSOR 

TECHNOLOGY 

ASCII 

DIRECT 

8 

Y 

Y 

NEW 

Y 

- 

- 

Y 

14% 

- 

ANY 

$3,695.00 


RADIO 

SHACK 

ASCII 

i Y 

N 

N 

NEW ' 

Y 

Y 



8’A 

LABELS 

CARBON 

ANY 

$1,299.00’ 



ASCII 

V 

N 

N 

NEW 

Y 

Y 

8% 

y' 

Z% 

LABELS 

CARBON 

ANY 

$1,599.00^ 



^ ASCII 

Y 

« 

N 

NEW 

Y 

Y 


N 

NA 

- 

ELECTRO¬ 

STATIC 

$ 599.00 



ASCII 


N 

N 

NEW 

Y 

Y 

6 

N 

NA 

- 

ELECTRO¬ 

STATIC 

$ 499.00 


SOUTHWEST 

TECHNICAL 

PRODS 

ASCII 

Y 

N 

N 

NEW 

V 

Y 

3% 

- 

- 

- 

ANY 

$ 250.00 


TELPAR INC. 

ASCII 

Y 

N 

N 

NEW 

Y 

Y 

5.5 

- 

- 

- 

THERMO 

$ 700.00 


VAMP INC. 

ASCII 

Y 

Y 

Y 

REFUR- 

3Si«D 

• Y 

Y 

14 

Y 

14 

- 

- 

$ 750.00 
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String 

Synthesizer 

Part 2—Continuing the discussion of the eiectronic string music 
synthesizer. This unique instrument gives the soioist and 
smaii groups the background needed to enhance performance 


MARVIN JONES 


BEFORE PRESENTING THE CONSTRUCTION 
details, we will conclude the circuit dis¬ 
cussion started last month with a descrip¬ 
tion of the middle-octave mixing and 
chorusing circuit and the power supply. 

The middle-octave piano keying circuit 
is exactly like the high- and low-octave 
circuits, but the middle-octave strings 
section is slightly different to accommo¬ 
date the switchable split-keyboard fea¬ 
ture. The string keying starts off the 
same; C6 charges through R15 and D17, 
and the sustain control affects the dis¬ 
charge time of C6 via R16 and D18. 
Resistors R17 and R18 apply the enve¬ 
lope voltage of C6 to two diode keying 
networks—one for violins, one for cellos. 
Here the differences begin. The two 
diode keying circuits are designed to each 
provide two identical outputs. The basic 
philosophy behind the split keyboard cir¬ 
cuitry is: “Feed an identical signal to both 
the upper AND lower mix buses, and 
remove the one you DON’T want.” 

So where the low-octave strings are 
connected to the appropriate low-mix 
buses and the high-octave strings are 
connected to the high-mix buses, the 
middle-octave strings are simultaneously 
applied to both. The logic level available 
on the split select bus (SPL) is used to 
determine which of the two signals will be 
grounded out. The voltage levels on the 
SPL bus are directly related to. the front 
panel switch position. Low-octave split 
point is represented by a low voltage. 


High-octave split point is represented by 
-fV appearing on the SPL bus. The 
single NAND gate (IC3-c) remaining 
from the waveshaping circuit is used to 
invert the SPL signal. When the front 
panel split switch is at position 1, the 
keyboard is being split between the low 
and middle octaves. Thus, you want the 
middle octave to be applied to the high- 
mix bus. 

So, the ground potential appearing at 
the SPL bus is us^ to forward bias the 
shunt diodes, D31 and D32, causing the 
low-string mix signals from the middle 
octave to be shunted to ground. The 
diodes connected to the high-string mix 
buses, D29 and D30, are being driven by 
the SPL inversion which is now at a high 
level. Thus, the diodes are inactive. When 
the SPLIT switch is in the high, or No. 2 
position, the SPL bus is at a high level 
allowing the signal to pass to the low-mix 
bus. The inverter now produces a low 
output, shunting the high-mix signals to 
ground. 

The chorusing circuitry is shown in 
Fig. 4. Most of this circuitry is contained 
on one PC board, with the exception of 
front panel controls, jacks, and so on. The 
resultant signal mixes from the front 
panel high and low mix controls are 
applied to string inputs A, B, C and D. 
IClO-a serves as a unity-gain mix and 
buffer amplifier. Capacitor C20 rolls off 
the high-frequency content of the input 
signal to avoid any intermodulation with 


the clocking frequency of the analog 
delay lines. Bias trimmer, R66, sets a DC 
level at the output of the buffer (IClO-a) 
so the analog delay lines will be biased for 
minimum distortion and maximum dy¬ 
namic range. The buffered input signal is 
applied to two delay lines (IC8 and IC9) 
plus the output amplifier, ICll. 

Thus, the composite string signal at the 
output consists of one original signal and 
two independently delayed and modu¬ 
lated signals. In one path, the signal is 
delayed by IC8-a and dropped across the 
delay line load, R69. Capacitor C23 elim¬ 
inates the high-frequency clocking signal 
that is superimpos^ on the audio signal 
as it passes through the delay line. Op- 
amp-IClO-b is a gain stage to make up for 
losses encountered in the delay line and 
C25 provides additional filtering of high 
frequencies to help smooth the audio 
signal. The output of IClO-b, which also 
rides the bias level determined by R66, is 
passed through another stage of analog 
delay, IC8-b. The delay line output is 
again filtered and applied to the output 
mix amplifier, ICl 1. Delay time IC9 and 
its associated circuitry operates identical¬ 
ly to the delay line circuitry of IC8. This 
second independent delay line has its 
signal also applied to the output mix 
amplifier. > 

The remaining stage of ICl Disused to ^ 
buffer and drive the piano signal outputs, x 
The signal from the piano mix bus £ 
(MXP) is dropped across R86, and buff- 2 
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ered by IClO-d. At the output (pin 12) of 
the buffer, the piano signal is split and 
supplied to two possible paths. One is 
directly to the piano solo output, and the 
other is to the master output mix amplifi¬ 
er, ICl 1. Piano mix control, R60, can be 
used to shunt various amounts of either 
signal path to ground. Also note that the 
on-board piano signal path that leads to 
the master output mix is connected to the 
piano jack via point K. This connection 


would normally connect to the ring sec¬ 
tion of a 3-conductor phone plug inserted 
in J3. However, when the more common¬ 
ly used 2-conductor plug is inserted, the 
ring connection will be shorted to the 
grounded sleeve connection thus dis¬ 
abling the piano signal at the mix output. 
The combination of three string signals 
and one piano signal which are to be 
applied to output amplifier ICll are 
dropped across R92. As well as being a 


mixing and buffer amplifier, ICll also 
serves as a noise gate. 

Due to the operational characteristics 
of the analog delay lines, there is typically 
a good deal of switching noise superim¬ 
posed in the audio signal when it comes 
out of the delay IC’s. This translates into 
a “hissing” effect which is normally 
masked by the larger amplitude signal. 
However, when there is no signal present 
at the delay lines the hissing output can 


























































































































































be annoying—especially if you are on 
stage, running the synthesizer through 
several hundred watts of amplification. 
So the noise gate action of ICl 1 allows a 
signal to pass to the output ONLY when a 
key is depressed on the keyboard. Nor¬ 
mally, C40 will be discharged and there 
will be no control current being applied to 
pin 5 of the CA3080, ICll. With no 
control current applied to the IC, there is 
no amplification by the IC—^and thus no 
output. When any key of the keyboard is 
pressed, the trigger bus switch contacts 
will close. The resultant shorting of 
points “G” and “H” causes a voltage to 
appear at the gate output jack, J5, and at 
the base of Q4. 

When Q4 conducts, Q5 will also turn 
on. When Q5 conducts, C40 will charge 
through R96 towards -1-V. The charging, 
time constant of C40/R96 is selected to 
be slightly less than the attack time of the 
diode keying in the string sections of the 
tone blocks. When C40 is fully charged, 
the current through R95 to ICll drives 
the output to the desired level for inter¬ 
face with most guitar amplifiers or PA 
systems. When all keys on the keyboard 
are released, Q4 and Q5 turn off. The 
impedance looking back into the collector 
of Q5 is very high, thus leaving R95 as 
the only discharge path for C40. The 
discharge time constant of R95/C40 is 
selected to be slightly longer than the 
longest sustain times available from the 
string tone block circuitry. Therefore, the 
long sustained string passages should nev¬ 
er be “cut off” by the output noise gate. 

The circuitry shown in the lower half 
of Fig. 4 is the control circuitry for the 
analog delay lines. Front panel rate con¬ 
trol R58 sets the desired control voltage 
to be applied to low-frequency vibrato 
oscillators IC15 and IC16. The variations 
in voltage drive the vibrato oscillators to 
selected frequencies. Although the tim¬ 
ing capacitors for these oscillators (C53, 
C58) are the same, the timing resistors 
(R121, R126) are slightly different. This 
causes the pseudo-random beating and 
chorusing required to get the string 
effects. Capacitors C54 and C59 suppress 
parasitic oscillations at each oscillator 
IC. 

Since the pitch deviations generated 
within the analog delay lines are related 
to the mathematical derivative of the 
signal used to modulate the high-frequen¬ 
cy clock, we need to have a sinewave 
modulation signal in order to obtain the 
common smooth sinewave type (actually 
cosine would be mathematically correct) 
vibrato. The closest thing available as an 
output from the vibrato oscillator IC’s is 
a triangle wave at pin 4. This signal is run 
through a 2-pole passive filter to smooth 
it into a sine shape, and the resulting 
signal from each oscillator is applied to a 
section of the dual-section depth control, 
R59. The squarewave output of ICl5 at 
pin 3 is used to control the LED driver 
Q1 for a visual indication of vibrato rate. 


The selected amount of low-frequency 
modulation signal is fed to the high- 
frequency delay line clocks, ICl3 and 
ICl4. Transistors Q2 and Q3 serve as 
current sources which replace the cus¬ 
tomary timing resistors at pin 7 of the 
high-frequency oscillators. The small val¬ 
ue timing capacitors, C44 and C47, result 
in clock frequencies up around several 
hundred kHz. 

With the use of current sources to 
drive the timing resistor inputs of these 
IC’s, a fairly small voltage fluctuation can 
be used to effectively sweep the clock 
frequency over a wide range, as opp)osed 
to the modulation inputs of the IC’s at pin 
5 which typically only cause deviations of 
about 2:1. 

The delay lines require a bi-phase clock 
signal, preferably providing squarewaves 
and generating as little overlap during 
switching periods as possible. To accom¬ 
plish this, the squarewave outputs of the 
high-frequency oscillators are fed 
through a CD4013 D-type flip-flop. With 
the flip-flop connected as a frequency 
divider, the two output pins (pins 1 and 2 
for one divider, pins 12 and 13 for the 
other) provide nice, clean complementary 
squarewaves to drive the delay lines. 

The continuous changing of the clock 
speeds for the delay lines causes a period¬ 
ic shifting of the pitch of the audio signal 
applied to the delay line. The input signal 
for the delay line is sampled periodically 
at a rate determined by the delay-line 
clock frequency. If, when the signal gets 
to the end of the delay line, the clock 
happens to be running faster than when 
the signal was clocked in, the pitch of that 
signal will be shifted up slightly. The 
signal is being pushed OUT of the IC 
faster than it was taken in. Similarly, if 
the clock happens to be running slower 
than when the signal was clocked in, the 
pitch will be shifted down slightly. 

Ratio trimmer, R116, is a means of 
providing slight adjustments in the center 
frequencies of the two high-frequency 
clocks. Since these two clocks are con¬ 


tained on the same circuit board near 
each other and near the audio circuitry of 
IC 10 and ICl 1, it is possible that the two 
independent clocks could beat against 
each other and induce or transmit audible 
beat frequencies into the signal path. 

With R116, you can slightly alter the 
ratio of one clock frequency to the other, 
thus setting up a ratio where the beat 
frequencies fall outside audibility and 
make the chorusing circuit even quieter. 

Networks R102/C42 and R103/C43 
provide current limiting and supply line 
decoupling for the high-frequency cir¬ 
cuitry. The current limiting also r^uces 
the power consumption of the 566 high- 
frequency oscillators and puts them in a 
safer operating range. 

The power supply for the entire string 
synthesizer is shown in Fig. 5. All active 
components for the supply are contained 
on the same PC board that contains the 
chorusing circhitry. A 24-volt RMS cen¬ 
ter-tapped transformer drives a bridge 
rectifier (D57-D60) and primary filters 
C60 and C61 to initially provide ±18 
volts DC. Transistors Q6 and Q7 provide 
regulation of the supply. Although these 
are 5-volt regulators, the resistive net¬ 
work at the outputs biases the regulators 
up to around 10- or 12-volt outputs, 
depending on resistor tolerances. Capaci¬ 
tors C64 and C65 increase the transient 
response of the supply, while C62 and 
C63 help stabilize the new reference volt¬ 
ages which are increasing the output volt¬ 
age of the regulators. A small degree of 
trimming is allowed for in the power 
supply. The ratios of supply voltages can 
aid in achieving minimum switching 
noise and intermodulation from the 
chorusing circuit. This is a relative ad¬ 
justment and is interactive with the ratio 
trimmer, R116. In most cases, the supply 
trimmers can be left at mid-position. ^ 

The PC boards ’ ^ 

Most of the circuitry and construction ^ 
techniques are straightforward so little « 
explanation is required. Note well that 
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FOUR IDENTICALTONEBLOCKS- 
SEEFIG.9 

1550A BOARD, FOIL SIDE 


this is a BIG project. There are four PC 
boards—two are approximately 24 by 6 
inches. You’ll need all your prior experi¬ 
ence as well as larger etching equipment. 
Your best bet may be to order the PC 
boards from the source listed in the parts 
list. 

The two large boards are almost identi¬ 
cal as each contains six of the twelve iden¬ 
tical tone blocks. The block drawings in 
Fig. 6 show the order of the tone blocks 



SEE FIG. 10 FOUR IDENTICALTONE BLOCKS- SEEFIG.il 

SEE FIG. 9 
ISSOB FOIL SIDE 

FIG. 6—HOW THE TONE BLOCKS ARE ARRANGED on the two large PC boards. On board 1550A there 
is additional circuitry at the ends of the six tone blocks. 


PARTS LIST FOR POWER SUPPLY 
Resistors V. watt, 10% or better 

R130, R132, R133, R135—470 ohms 
R131, R134—100 ohms trimmer pot 
C60-1000 mF, 20 volts 
C61-250 itF, 20 volts 
C62-C65 —IOmF, 10 volts 
D57-D60—1N4001 
SI—SPST switch 

T1—power transformer, 24 VCT, 1A 
IC17—LM340-5 or 7805 
IC18—LM320-5 or 7905 
























































































on the 1550A and 1550B PC boards. The 
1550A board has some additional circuit¬ 
ry on each end and so is a little longer 
than the 15 SOB board. Figures 7 and 8 
show the foil patterns for the circuitry at 
the right and left ends and for the G and 
C tone blocks. The foil pattern in Fig. 9 is 


repeated four times between the G and C 
tone blocks. 

Similarly, Figs. 10 and 11 are the foil 
patterns for the F and C tone blocks at 
the ends of the 1550B board. The pattern 
in Fig. 9 is repeated four times as on the 
1550A board. Figure 12 shows the parts 




placement on the ends of the 1550A 
board. The components in all twelve tone 
blocks are positioned as in the C-note 
block in Fig. 12. Figure 13 shows the 
connections to the left end of the B 
board. 

continued on page 104 



PARTS LIST FOR ONE OF 12 
IDENTICAL TONE BLOCKS 
Resistors '/< watt, 10% or better 
R1, R11, R27—1000 ohms 
R2, R3, R5, R7. R8. R12, R13, R16-R18, 
R28, R29, R32-R34—10,000 ohms 
R4, R14, R19-R26, R30—100,000 ohms 
R5, R15, R31—2200 ohms 
R9, RIO, R35, R36—220,000 ohms 
Cl, C2, C4, C5, C7, C8 —IO.mF. 10 volts 
electrolytic 

C3, C6, C9—33 /tF, 10 volts electrolytic 
D1-D43—1N914 diode 



NOTES: *1C17 AND IC18 REQUIRE HEATSINKS. 

TERMINALS MARKED BY CIRCLED LETTERS CONNECT TO SIMILARLY MARKED TERMINALS ON OTHER BOARDS. 


'FIG. 15—PLACEMENT OF COMPONENTS on the “C”: board. All points marked by letters enclosed in 
circles must be connected to similarly indicated points on other boards. 
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Audio Test 
Station 


PART 3—A continuation of the series describing the operation and 
construction of the modei 101 audio test system. This month we 
cover the puise generator, sweep shaper and audio sweep generator. 


RAY DAVISON 

THIS IS THE THIRD OF A SERIES OF ARTI- 
cles describing the model 101 Audio Test 
System by Fidelity Sound. In the January 
issue we presented an overall picture, of 
this versatile instrument. Last month we 
began with a technical description and 
construction details on the power supply 
and timebase generator. 

This month we will cover the pulse 
generator, sweep shaper and the audio 
sweep generator—providing technical 
discussions, assembly details and calibra¬ 
tion and alignment instructions. 

Pulse generator 

The pulse generator (Fig. 5).is simply a 
monostable multivibrator (one-shot) that 
produces a single pulse at the beginning 
of each cycle of the timebase. The one- 
shot is triggered by the output from time- 


FROM Q201 3 

AND R23I 



FIG. 5—THE PULSE GENERATOR is perhaps the 
adjustable from 40 nS to 3 seconds. 


base squarewave buffer Q201. The one- 
shot has complementary outputs; that is, 
they are always at an opposite logic level. 
When the one-shot is triggered by Q201 
the outputs change state. They remain in 
this new state for a period of time that is 
determined by the combination of the 
capacitor selected by S7 and the total 
resistance between pin 11 and the positive 
supply. 

After this period of time has elapsed, 
the outputs return to their original state. 
This is why the device is called a monost¬ 
able. It is stable in one state. It can be 
forced to change state and held in that 
new state. However, it returns to its origi¬ 
nal state after the charge on the capacitor, 
which was holding it in the new state, has 
sufficiently diminished. 

With the components shown, the pulse 
generator is capable of providing pulse 
widths ranging from about 40 nanosec- 



■impleat of the system’s circuiU. Pulse widths are 


onds to about 3 seconds. The front-panel 
controls show a minimum pulse width of 
20 nanoseconds. However, the rise and 
falltimes converge at about 30 nanosec¬ 
onds and this establishes the minimum 
pulse width. 

Pulse-width accuracy is a simple func¬ 
tion of the cost of the timing components. 
Slide potentiometer R5 is quite linear and 
therefore jxises no inherent restriction. 
The remaining variable then is the capaci¬ 
tor selected by switch S7. 

These capacitors need not be of any 
particular type. For the values from 10 
pF thru 0.1 /iF 5% ceramic or film is 
probably adequate for most applications. 
For the values of 1 /iF to 100 /iF, alumi¬ 
num electrolytics are the smallest and 
least expensive. They are available in 
tolerances from ±10% to —20% and 
+100%. If greater accuracy is demanded 
in these ranges, then tantalum is probably 
the best choice. 

Both outputs have over-voltage sensors 
to protect against the application of an 
external voltage, as was discussed in the 
timebase section. The recommended de¬ 
vices are $20 each. They are optional and 
not part of the standard parts kit, and the 
circuit board has been set up to accom¬ 
modate several different types. 

The sweep shaper 

The audio sweep generator shown, in 
Fig. 6, has both log and linear sweep 
modes. One of these is selected by switch 
SI2. The oscillator produces a frequency 
change proportional to the sweep voltage 
applied to it. Therefore, for a linear 
sweep, the sweep shaper (the timebase- 
to-sweep-generator interface) need only 
provide the proper amplitude and offset. 
Trimmers RIO and R409 establish the 
magnitude of the sweep signal while R11, 







































R410, and R411 establish the offset. 
Resistors RIO and R11 are 20-turn trim¬ 
mers accessible through the front panel. 
Resistor RIO is labeled linear sweep 
WIDTH and R11 is linear sweep center 
frequency. 

For a log sweep, the change in frequen¬ 
cy at any point on the frequency scale is 
proportional to the frequency at that 
point. For example, if a straight line is 
divided into 10 equal length segments, 
there will be 11 marks including the one 
that closes off the 10th segment. If the 
first mark is labeled 20 Hz, then each 
successive mark is twice the frequency of 
the preceding mark. The end marks will 
have a frequency of 20 Hz and 20,480 
Hz. The change in frequency between the 
first two marks is only 20 Hz. The change 
between the last two marks is 10,240 Hz. 
This then is a 10-octave range because 
the frequency doubled 10 times. This 
function is generally referred to as a log 
sweep. 

For linear sweep voltage to sweep a 
linear VCO (voltage-controlled oscilla¬ 
tor) in the above manner, the sweep volt¬ 
age must be conditioned so that it 
changes very slowly at the beginning of 
the sweep and increases the rate of 
change as the sweep continues. The ac¬ 
tion just described is not a log function 
but an antilog function. Therefore, to 
convert a linear sweep to a log sweep we 
need an antilog converter not a log con¬ 
verter. 

IC402 is an antilog amplifier. Op-amp 
IC401 inverts the incoming control volt¬ 
age before it is applied to IC402, the anti¬ 
log amplifier. Pots R8 and R9 are the log 
sweep set trimmers. The output of IC402 
is effectively clamped at zero. Therefore, 
R8 effects primarily the peak amplitude 
of the waveform and hence the high- 


frequency end point of the sweep. Trim¬ 
mer R9 adjusts the base of the waveform 
around zero. It shifts the entire wave¬ 
form, but we call it the low-frequency 
sweep end-point control because its effect 
on the high-frequency end-pioint is rela¬ 
tively insignificant compared to its effect 
on the low-frequency end-point. Trimmer 
R412 provides a slight amount of linear 
sweep at the beginning of the sweep to 
compensate for a slight lag in the overall 
sweep generator circuit. 

Audio sweep generator 

The schematic in Fig. 7 shows the 


audio sweep generator circuit. The wave¬ 
forms are generated by oscillator IC502. 
The frequency range is set by C501 
connected between pins 2 and 30. The 
minimum frequency is established by 
R507. The frequency is increased by 
applying a negative control voltage to 
R506. This resistor changes the voltage 
signal to a current signal. With switch 
Sll in the sweep position, the linear or 
log signal, as selected by SI2, is applied 
to the inverting input of IC501. Feedback 
resistor R505 combines with the various 
output resistors of the sweep-signal con¬ 
ditioning section to provide the desired 
























































current to the oscillator sweep input. 

When SI 1 is switched to manual the 
sweep voltage is provided by R6, the 
MANUAL frequency control on the front 
panel. The other half of SI 1 grounds the 
timebase sweep signal when it is not being 
used. Otherwise, this signal can be cou¬ 
pled across the contacts of S11 and modu¬ 
late the oscillator frequency. 

The front-panel markings on frequency 
control R6 have no numerical calibration, 
but rather just minimum and maximum 
points. It is customary for a function 
generator to have a calibrated frequency- 
control dial. However, with this system, 
the built-frequency counter gives far 
greater accuracy and resolution than 
would be possible with a calibrated dial. 
Trimmers R502 and R503 allow the user 
to select his own minimum and maximum 
points. For instance, if the unit is going to 
be used for telephone frequencies,-the 
sweep can be narrowed to that spectrum. 
Resistor R504 is in parallel with R501, 
R502 and the bottom portion of R6. With 
R502 set for a 20-Hz low-frequency lim- 
« it, the result is a logarithmic frequency 
^ control from R6. The various signals, 
O thru their respective trimmers, are 
K summed into IC503 to provide equal 
lu amplitude waveforms with zero offset, 
m The circuit at the output of the oscilla- 
O tor provides a tone burst. The oscillator 
^ output passes thru analog switch IC506 
DC and on to the IC507 output stage. The 


signal used to gate analog switch (IC506) 
originates at Q201. Flip-flop IC505-a is a 
data or D-type flip-flop. It will pass data 
from the D input to the output only 
during the positive transition of the clock 
input. Op-amp IC503 is connected as a 
comparator that is used as a zero-crossing 
detector. The 748 op-amp, incidentally, 
makes an excellent comparator. It will do 
an excellent job at 20-kHz, whereas most 
of the comparators that have been consid¬ 
ered standard for some time cease to 
function well below that. 

That data to be transferred by IC505 is 
the tone-burst gating signal from the 
timebase section. The clock is a square- 
wave corresponding to the zero-crossings 
of the waveform or burst to be gated. 
Assume that the gating signal at the D 
input switches from high to low. This is 
ignored until the output of IC504 switch¬ 
es from low to high, thus indicating that a 
waveform out of IC503 has crossed zero 
in a negative-going direction. At this 
point tjie outputs of the flip-flop change 
state: Q goes high. This causes analog 
switch (IC506) to close and pass the 
output of IC503 as it crosses zero in the 
negative direction. 

When the gating signal and flip-flop 
output go high, this data is likewise held 
until the output of IC504 switches from 
low to high. This indicates that a wave¬ 
form from IC503 has again crossed zero 
in a negative-going direction. Thus, the 


tone-burst circuit produces only complete 
waveforms with the beginning at zero and 
ending at zero. 

Note that IC504 is an inverting com- 
jjarator and that IC507 is also an inverter. 
Thus, the waveforms as seen at the output 
start and end in a positive-going direc¬ 
tion, which isn’t any more useful but 
seems more “comfortable” when viewed 
on the scope. 

Note that switch SI3 on the front 
panel is labeled blank. Its function is to 
blank the output of the audio sweep 
generator during the return sweep to 
provide a zero reference line and to avoid 
overlaying a retraced plot. Recall that 
IC506 is switched on when the gating 
signal at SI3 goes low. The output of 
Q201 (in the timebase generator. Fig. 4) 
goes low as the ramp output of the time- 
base begins a positive-going ramp. There¬ 
fore, with switch SI3 in the blank posi¬ 
tion the output of the audio sweep gener¬ 
ator is on during a positive-going time- 
base ramp. 

The output of IC506 goes to R7, the 
front-panel LEVEt or amplitude control. 
The output circuitry is identical to that of 
the timebase section, except that there is 
no DC offset. The combination of R531 
and R7 produces an audio taper at R7. 
This produces a potentiometer curve sim¬ 
ilar to a volume control. Again the output 
over-voltage protection is optional, and 
the board accepts alternate devices. 

(continued on page 81) 
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PARTS LIST FOR PULSE GENERATOR 


R5—50,000 ohms, linear pot 

R301—3000 ohms 

C301 —10 pF 

C302—100 pF 

C303—.001 mF 

C304—.01 nF 

C305—0.1 ^iF 

C306—1 ^lF 

C307—IOmF 


C308—IOOmF 

IC301—74121 monostable multivibrator 
D301, D302—1N4001 
OV301, OV302—LVC-1A5.1 (MCG 
Electronics, 160 Brook Ave., Deer Park, 
NY 11729) 

F301, F302—0.5 amp fuse 

J2, J3—panei-mount BNC connectors 

S7—single-poie 10-position rotary switch 



CIRCUIT LOCATION of the pulie generator, sweep shaper and audio sweep generator with respect to 
the entire PC board. 



--- 

. '' ' " " 

PARTS LIST FOR SWEEP SHAPER 
AM resistors 'A-watt, 5% carbon film 
unless otherwise noted. ^ 

R8-R11—50,000 ohms, 10-turn pot 
R400—1,000 ohms 

R401, R403—50,000 ohms, linear slide * 

pot 

R402-10,000 ohms 
R404—51,000 ohms 
R405—1000 ohms 
R406—180,000 ohms 
R407—10,000 ohms 
R408—18,000 ohms 
R409—43,000 ohms 
R410—220,000 ohms 
R411—24,000 ohms 
R412—2 megohms 
R413—47,000 ohms 
R414—27,000 ohms 
C401, C402—100 mF, 16 volts or higher 
C403—100 pFdisc 
IC401—741 
IC402—8049 (Intersil) 

LED401 — 

S10—DPST toggle 

S12—SPOT toggle 


PARTS LIST FOR AUDIO SWEEP 
GENERATOR 



All resistors y<-watt, 5% carbon film 
unless otherwise noted. 

R6, R7—50,000 ohms, linear slide-type 
potentiometer 
R501—24,000 ohms 
R502, R503, R510, R511, R519, R520, 
R522, R524-R526, R534—50,000 ohms, 
trimmer pot 

R504, R514, R515—1200 ohms 
R505—19,000 ohms 
R506—820 ohms 
R507—3.3 megohms 
R508—1000 ohms 

R509, R512, R517, R523, R527, R530, 
R535—100,000 ohms 
R513—1000 ohms, trimmer pot 
R516, R521, R528, R529—10,000 ohms 
R518—51,000 ohms 
R531 —16,000 ohms 
R532—4300 ohms 
R533—62,000 ohms 
C501—.039 pF disc 
C502—5 pF disc 
IC501—741 
IC502—XR2207P 
IC503—LM318 
IC504—LM748 
IC505-4013 

IC506—TL610 (Texas Instruments) 
IC507—377 

Q501-Q503—TIS97 (Texas Instruments) 
OV501—LA10 (MCG Electronics) 

F501—2 Afuse 

J4—panel-mount BNC connector 
S11—DPDT toggle switch 

513— SPOT toggle switch 

514— DP 3-position toggle switch 


The following are available from FSI, 

1894 Commercenter W., No. 105. San Ber- Y 
nadino, CA 92408: Complete kit, $495.00; 
cabinet and circuit board, $115.00. Set of 
semiconductors, $195.00; seven slide s i 
pots with knobs, $17.00, set of trimmers ^ J- 
including four multiturn pots, $17.00. O r 

California residents add state and iocal ^ 
taxes as applicable. (o i 


COMPONENT LOCATION. Use the diagram above to locate these sections on the PC board. 
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The following is a list of all the compo¬ 
nents and the quantity necessary to build 
the complete model 101 Test Station. 
However, it is not necessary to build a 
complete Test Station. Each section will 
work independently of the other sections 
(except for the power supply) so that you 
can build any or all of the sections you 
desire. Subtract any components you al¬ 
ready have. What you will need to com¬ 
plete the model 101. 

All resistors V<-watt, 5% carbon film un¬ 
less otherwise noted 
1 — 100 ohms 

2—310 ohms 
7—330 ohms, 1 watt 

2—820 ohms 
9—1000 ohms 
5—1200 ohms 
1 — 1500 ohms 

2—2200 ohms 

1— 2700 ohms 

2— 300 ohms 

2— 4300 ohms 
5—7500 ohms 
19—10,000 ohms 
1 — 12,000 ohms 

3— 15,000 ohms 

2— 16,000 ohms 

3— 18,000 ohms 
2—22,000 ohms 
2—24,000 ohms 

1— 27,000 ohms 

2— 30,000 ohms 
1—43,000 ohms 

1— 47,000 ohms 

3— 51,000 ohms 

2— 62,000 ohms 
1—75,000 ohms 
1—82,000 ohms 
17—100,000 ohms 
1—180,000 ohms 
1—200,000 ohms 
1—220,000 ohms 

1— 330,000 ohms 
1 — 1 megohm 

2— 1.5 megohms 
1—2.0 megohms 
1—3.3 megohms 
Trimmer pots 

31—50,000 ohms, MuRata type 
RVA0911H 306-7 503M 


MASTER PARTS LIST 

2—1000 ohms, MuRata type RVA0911H 
306-7 102M 

4— 50,000 ohms, Weston type 8501 

Slide pots 

7—50,000 ohms linear, Alps type LD14R 
50KB 

Resistors 'A-watt, 1% or better 

1 — 1000 ohms 

1— 3000 ohms 

2— 10,000 ohms 

1— 12,000 ohms 

2— 30,000 ohms 
1—48,000 ohms 
1-192,000 ohms 
1—768,000 ohms 
Capacitors 

5— 5-pF disc 

4—10-pF disc 
1—82-pF disc 

3— 100-pF disc 

1— 680-pF disc 

9— 0.001-^Fdisc 

2— 0.005-/1F disc 
7—0.01-/1F disc 
1—0.039 -mF disc 

3— 0.1-mF disc 

1—5-15-pF trimmer 
1—7-40-pF trimmer 

1— 2.5-10-pF trimmer 

2— 100-400-pF trimmer 

Electrolytic capacitors, 16 volts or higher 

3— 1 nF 
1—2.2 mF 
1—4.7*4F 
1—22 mF 

10— 10/tF 
3—33 mF 
9—100 /iF 

1- 470 mF 

3— 500 fiF 
Semiconductors 

4— 741 operational amplifier 

4—748 operational amplifier 

6— 318 precision high-speed operational 
amplifier (Fairchild, National) 

2— XR-2207 VLO (Exar) 

1-TL610 analog switch and driver (Texas 
Instruments) 

1—8048 logarithmic amplifier (Intersil) 
1—8049 antilogarithmic amplifier (Intersil) 
1—LH0091 true RMS-to-DC converter 
(National) 


1—ULN2004 10-channel printer/driver 
(Sprague) 

1—UDN2982 digit driver (Sprague) 
1—4013 duai “D” fiip-fiop 
1—MK50395 counter/dispiay driver 
(Mostek) 

1— 4194 dual-tracking voltage regulator 

2— 7612 positive 12-volt regulator (Tl, 
National, Motorola) 

1—309H positive 5-volt regulator 
(Motorola, National, Signetics) 

1—7912 negative 12-volt regulator 
(Fairchild, National, Tl) 

1 —377 2-watt dual-channel audio 
amplifier (National) 

1—74121 monostable multivibrator 
1 —4528 dual monostable multivibrator 
(Tl, Fairchild) 

1 — 14556 timebase generator (Motorola) 
1—4030 or 4070 quad exclusive or gate 
9—TIS97 NPN silicon transistor 
8—1N4001 diode 
9_1N4148 diode 

5— LED’s 

6— MAM-72 7-segment LED display 

1— VP130A10 transient-suppressor 
varistor 

2— LA10 overvoltage protector 

2— LVC01A5.1 overvoltage protector 
1—LA5.1 overvoltage protector 
Miscellaneous 

3— single-pole, 10-position rotary switch 
Alco MRB-1-10-PC 

1—SPST toggle switch C & K 7101L1C 

7— SPDT toggle switch C & K 7101SC 

1— DPDT toggle switch C & K 721 ISC 

7—DPDT toggle switch C & K 720ISC 

2— DP3T toggle switch C & K 741 ISC 
1—SP3T toggle switch 

1—transformer, 24-volt secondary. Triad 
F45X 

6—panel-mount BNC connectors 

1— panel-mount 3-conductor microphone 
connector 

6—fuse holders 

3— 250-volt Vs-amp fuse 

2— 2-amp fuse 
1—35-volt 15-amp fuse 
1—PC board 

1—cabinet 

1—voltmeter with linear, log and dB 
scales. 


Calibration 

Most of the audio sweep circuitry is 
identical to the timebase section so the 
same calibration procedure applies. Out¬ 
put level and symmetry calibration pro¬ 
ceeds from the output circuits back. That 
is, set R7 to zero and adjust R534 for 
zero DC level. Then set R7 to maximum 
(with switch SI3 set to not-blank) and 
adjust the trimmers between oscillator 
IC502 and SI4. The only difference in 
this area is that R513 must be adjusted, 
whereas its counterpart in the timebase 
was fixed. Interaction between R510 and 
R513 is rather subtle. It is not enough to 
adjust each independently for minimum 
distortion. Often by actually increasing 
the distortion with one of these pots 
subsequent adjustment of the other pot 
will result in lower distortion. 

The optimum calibration procedure 


uses a harmonic distortion analyzer and a 
dual-trace scope. First, a sinewave is 
mathematically plotted on the face of the 
scope and the output of the function 
generator is adjusted so that the period 
and amplitude correspond to the peaks 
and zero-crossing points of the plotted 
sinewave. This same signal is simulta¬ 
neously fed to the input of the distortion 
analyzer. The output of the distortion 
analyzer is applied to the second trace of 
the scope. The first adjustments are made 
with a screwdriver in each hand, and R510 
and R513 are adjusted simultaneously to 
provide the best visual fit between the 
generator waveform and the plotted 
waveform. Observing the output of the 
distortion analyzer at the same time pro¬ 
vides some understanding of the effect 
and interaction of these two controls. The 
final adjustment is made by the meter on 


the distortion analyzer. However, if there 
is a visual deviation between the genera¬ 
tor waveform and the plotted waveform, 
this indicates that further improvement is 
possible. 

A simpler but less precise test is to use 
only a single-trace oscilloscope with a 
sinewave plotted on its screen. This single 
waveform should cover as much of the 
CRT face as possible. (See Fig. 8) On 
most scopes this would be 8 X 8 centi¬ 
meters. A visual match between the gen¬ 
erated and plotted waveforms will pro¬ 
duce distortion components that are low 
enough to be insignificant in frequency- 
response measurements. 

Frequency sweep 

The following procedure will calibrate 
the manual frequency sweep. This in¬ 
volves both the timebase and audio sweep 
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generator sections since both can provide 
a manual frequency sweep of the audio 
sweep generator. Recall that during the 
discussion of the timebase section, fine 
tuning of the manual timebase mode was 
set aside until a later time. That function 
will now be covered as well. 
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FIG. 9—CALIBRATION WAVEFORMS. Log func¬ 
tion is shown in a, trianguiar wave is shown in b 
and antiiog function is shown in c. 


This procedure assumes that the fre¬ 
quency counter is already part of the 
overall system. It will provide the calibra¬ 
tion standard for the sweep circuit be¬ 
cause it measures the ultimate result of 
those circuits. Since it is voltage levels 
that are to be calibrated, the frequency 
counter can be thought of as a digital 
voltmeter. 

Set SI 1 to manual 

Sweep R6 thru its maximum travel. 

Observe the end-point frequencies. 

Adjust R502 and R503 for the desired 
end-points. 

R503 sets the total sweep width. 

R502 affects mainly the low-frequency 
end-point. 

If a full 20-Hz to 20-kHz sweep is 
desired, the voltage at the output of 
IC501 goes slightly positive so as to cut 
off the current from pin 7 of oscillator 
IC502. This voltage will pass thru zero at 
approximately 30 Hz. With the output of 
IC501 at zero volts, check the symmetry 
of the oscillator by observing the triangle 
wave. This is a test that the manufacturer 
of the oscillator IC does not perform and, 
hence, a relatively large number of de¬ 
vices are significantly nonlinear at this 
point. The devices can be very linear at 20 
Hz and at 40 Hz but quite nonlinear at 30 
Hz. 

Place a scope on the output of IC501. 


Set the vertical amplifier for 1 volt- 
per-division and move the trace to one 
division from the top of the screen with 
no input. 

Run R6 thru full travel and note the 
end-point voltage levels. ^ 

Set the timebase frequency for 1 kHz. 

Set S4 to symmetrical. 

Set S9 to SWEEP. 

Set S12 to LINEAR and SI 1 to sweep. 

There should now be a triangle wave 
that can readily be positioned and scaled, 
using RIO and Rll, so that its peaks 
correspond to the end-point voltages that 
were produced by sweeping R6 thru its 
full travel. 

Switch SI2 to LOG. 

Run R8 (the front-panel high-frequen¬ 
cy log sweep set) to the end of its travel at 
maximum sweep width and then back off 
three turns. 

Plot an antilog function as shown in 
Fig. 9-a on the face of the oscilloscope 
and align the generated waveform with 
that plot. (An 8 X 8-centimeter film 
overlay of log, antilog and sine functions 
is available from Fidelity Sound for 
$5.00). To provide a stable overlay of the 
plotted and generated waveforms, it is 
generally helpful to trigger the scope 
from the triangle output of the timebase 
generator. Use the manual trigger level 
rather than automatic. Also it is often 
helpful to switch S8 to invert. A dual¬ 
trace scope is also helpful here. The peak 
of the antilog function is easy to locate, 
the low point of the valley is not. If the 
triangle wave is adjusted on the scope as 
shown (Fig. 9-b), it establishes the end¬ 
points of the antilog function. 

Adjust R401 and R403 so that the 
antilog waveform has approximately the 
same span as the R11 sweep voltage and 
has no clipping at the peak. 

Use the variable vertical amplifier 
attenuator on the scope to scale the 
generated antilog waveform to that of the 
plotted antilog function. 

Adjust R401 and R403 for best visual 
match between the plotted and generated 
waveforms. Note what effect each direc¬ 
tion of each pot has on the generated 
waveform. This accomplishes the approx¬ 
imate adjustment of the antilog wave¬ 
form. Final adjustment will occur later in 
this section. 

At this point everything is at least 
approximateij' calibrated so that the 
timebase will sweep the audio generator 
either manually or automatically, and lin¬ 
ear or logarithmic. The following will 
calibrate the manual sweep control: 

Set S3 to 100 and R1 to its lowest posi- 

Set S4 on symmetrical. 

Set S9 to sweep. 

At this point we are going to use’ the 
audio sweep generator and the counter as 
a digital voltmeter. The sweep generator 
then acts as a voltage-to-frequency con¬ 
verter. This will be used to match the 
manual and sweep modes of the timebase. 


Since the log sweep has the greatest reso¬ 
lution at low frequency and the linear 
sweep has the greatest resolution at high 
frequency, that is how they will be set. 

Set the horizontal amplifier on the 
oscilloscope to external. 

Apply the timebase triangle wave to 
the vertical and horizontal scope inputs 
simultaneously. If a line is traced from 
the lower left to the upper right, this indi¬ 
cates the positive voltage drives the hori¬ 
zontal amplifier in a right-hand direction. 

A line from upper left to lower right indi¬ 
cates that a positive voltage drives the 
horizontal amplifier in the left-hand di- ' 
rection. In this case switch S8 to invert 
so that there is a line traced from lower 
left to upper right. That way a response 
plot will have the low frequencies at the 
left and the high frequencies at the 
right. 

Set R4 at zero. 

Switch S3 to 10 Hz. Use R3 to estab¬ 
lish a 10-centimeter sweep (it may be 
necessary to use horizontal-expand mode 
on scope). 

Switch S3 to .002. 

Set S22 to Vi second. 

With the beam traveling to the right 
and the counter increasing in frequency 
and with SI2 in linear, observe the end 
point of the beam and the highest fre¬ 
quency attained. 

With the beam traveling toward the 
left side and the frequency of the audio 
sweep generator decreasing and (with 
SI2 set to the log position), note the 
turn-around point of the beam and the 
lowest frequency reached by the audio > 
sweep generator. It is possible to interpo¬ 
late fractions of a Hz by observing the 
bobble of the counter between two fre¬ 
quencies. If, for instance, it bobbles be¬ 
tween 20 and 21 Hz every time the count¬ 
er refreshes, whidh is one-half second, 
then the frequency is 21.5 Hz. Or if it 
stays on one number longer than the 
other, then it is closer to the displayed 
number at which it stays the longest. 

Repeat the slow sweep a couple of 
times to confirm the end-point frequen¬ 
cies. Remember to switch S12 when the 
trace switches directions. 

Switch S9 to manual. 

Turn R4 thru its full travel. The 
frequency of the audio sweep system 
generator should track the movement of 
R4. 

Set SI2 to LOG and R4 to its lowest 
position. Note the frequency of the audio 
generator. 

Switch S12 to LINEAR and move R4 to 
its upper position. Note the frequency of 
the audio generator. 

Adjust R206 and R209, in the time- 
base section, so thdt as R4 is moved thru 
its travel and S12 is switched, the same 
end-point frequencies are produced as ^ 
were produced during the automatic ^ 
sweep mode. Trimmer R209 establishes x 
the total sweep width and R206 sets the ® 
continued on page 113 <d 
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Cassette Player 
For Metal Tape 

A new recording tape composed of metal particles provides higher 
output, lower distortion and better S/N ratio. Here are details 
on a recorder that takes advantage of these and other improvements. 


IN THE NOVEMBER 1978 ISSUE OF RADIO- 
Electronics, we discussed a new type of 
recording tape, variously described as 
“metalloy,” “metal particle,” or by the 
trade name assigned to one of its manu¬ 
facturers (3M Company)— Metafine. 
We described how this tape can improve 
the dynamic range capabilities of both 
'cassette and open-reel tape recordings, 
and suggested that at last, analog tape 
recording may not pose any of the limit¬ 
ing factors that it has in the past and that 
has prompted tape recording engineers to 
explore alternatives to analog recording 
such as digital or PCM recording. 

We also discussed problems of compat¬ 
ibility that the new tape posed with 
respect to existing tape decks and tape 
heads. While we suggested that the tape- 
head problems have already been solved 
by several manufacturers, we did not 
touch on how tape recorder electronics 
can be modified to take the fullest advan¬ 
tage of the capabilities of the new metal- 
particle tape. 
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Two manufacturing approaches 

Recently we had an opportunity to 
interview representatives from two tape- 
equipment manufacturers who have done 
something about the potential problems 
that may be created when the new metal- 
particle tape becomes commercially avail¬ 
able. The companies are Tandberg (of 
Oslo, Norway) and Nakamichi Research 
of Japan. 

Tandberg recently announced that they 
would soon have available a stereo cas¬ 
sette deck, the model TCD-340AM, that 
would be compatible with 3 M’s Metafine 
tape. We have also learned that other 
Tandberg cassette and open-reel models. 


LEN FELDMAN 

CONTRIBUTING HI-FI EDITOR 


although not specifically equipped to han¬ 
dle this tape, use a new recording system 
(in their electronics) that Tandberg calls 
“Actilinear,” and on which patents are 
pending. The two models already using 
this recording system are the model TD 
20-A, a lO'A-inch two-speed open-reel 
tape recorder and the model TCD-340-A, 
a three-motor, three-head cassette system 
shown in Fig. 1. 

Tandberg claims that the Actilinear 
recording system, as incorporated in the 
open-reel model TD-20-A, offers a 20-dB 
improvement in headroom over conven¬ 
tional record amplifiers. In addition to 
this advantage (which, in itself, means a 
greater dynamic range providing the tape 
can handle the increased recording level). 


the following advantages are cited: 

1. Less Intermodulation caused by 
slew-rate limitations. 

2. Less interference with the audio 
signal from the high-frequency 
bias and erase oscillator. 

3. Substantially greater possibilities 
of adjusting the recorder to high¬ 
er coercivity tapes, such as the 
new metal-particle tape. 

How Actilinear works 

In conventional systems, the recording- 
signal current and bias current are 
summed in the recording head by passive 
components such as a resistor, as shown 
in Fig. 2. This however leads to such 
difficulties as small headroom margin, 
slew-rate limitations for strong signals 
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and high frequencies, poor isolation be¬ 
tween the oscillator and the recording 
amplifier, which, in turn, leads to those 
familiar beats when high frequencies are 
recorded with a low available margin in 
bias and recording currents. 

The Tandberg Actilinear system con¬ 
sists of separate modules for record 
equalization and a transconductance 
module that provides the necessary volt- 
age-to-current conversion to drive the 
heads (see Fig. 3). In addition, a filter 
circuit helps prevent bias current from 
mixing with the signal current. This 
results in reduced interference or beat- 
tones. The recording amplifier can work 
at lower signal levels and therefore pro¬ 
duces less intermodulation caused by 
slew-rate limiting. 

Figure 4 shows the Actilinear system 
in more detail. In the equalizer module, 
capacitor C2 and resistor R4 provide 


proper low-frequency record equaliza¬ 
tion, while components R2, R3, Cl and 
LI provide the desired equalization from 
mid-frequencies upwards. The transcon¬ 
ductance module has two main functions: 
It converts a voltage from potentiometer 
R5 to a current (i.) that is the required 
recording current. It also provides isola¬ 
tion between the oscillator and the re¬ 
cording amplifier. 

The transconductance circuit consists 
of two transistors—Q1 and Q2. Transis¬ 
tor Q1 is in a common-emitter design and 
has as its collector load, R9 and Q2. The 
collector appears as a low resistance to 
DC but as a high impedance to AC 
signals. The two collectors are connected 
at point P, which is at 12 volts DC, but 
can swing between 2 volts and 22 volts, 
and thus its high dynamic range is avail¬ 
able to drive current i, through the record 
head. The DC current through Q1 and 
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FIG. 4—SIMPLIFIED SCHEMATIC ol the Ac«//noar recording ci 


Q2 is about 10 mA, so that each transis¬ 
tor represents an equivalent resistance of 
1.2K at DC. The output impedance for 
AC, however, is 20K ohms for each tran¬ 
sistor so that the total output impedance 
seen at point P is approximately 5K 
ohms. Since the recording-head imped¬ 
ance is much lower than 5K ohms, the 
circuit acts as a current source. A con¬ 
stant voltage at the input results in a 
constant current at the output and 
through the recording head. 

The filter module is a low-pass circuit 
with a trap tuned to the bias frequency of 
123.5 kHz. This circuit prevents bias 
oscillator signals at point R from entering 
or returning to point P. While the oscilla¬ 
tor output voltage at point R is approxi¬ 
mately 20, it is reduced to around 50 mV 
at point P. 

New Nakamichi technology 

Nakamichi Research, Inc., has also 
been investigating the problems and the 
promise of metal-alloy tapes. In one of 
two prototype stereo cassette decks re¬ 
cently demonstrated (the Nakamichi 
model number tentatively assigned is 
“1000 II ‘ZX’”) newly designed heads 
are used. A subminiature Crystalloy head 
that can handle the additional bias cur¬ 
rent of metal-alloy tape is used as the 
record head. A unique double-gap erase 
head is also used, plus a 0.8-micron Crys¬ 
talloy playback head. 

Figure 5 compares the frequency re¬ 
sponse and headroom characteristics be¬ 
tween Nakamichi’s SX tape (a treated- 
ferric low-noise high-energy tape) and | 
the company’s ZX tape (a prototype of a g 
m?tal-alloy tape tentatively to be mar- x 
keted under the Nakamichi brand name, ^ 
ZX). The ZX tape was recorded (on the S 
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TABLE 1—TOTAL DYNAMIC RANGE* (dB) comparisons 


Frequency (Hz) 

SX/Dolby 

ZX/Telefunken 

Improvement 

1K 

80 

89 

9 

2K 

78 

91 

13 

3K 

77 

91 

14 

5K 

74 

86 

12 

10K 

68 

77 

11 

12K 

61 

76 

15 

15K 

55 

70 

15 

20K 

46 

63 

17 


'Total dynamic range refers to the difference in dB between the maximum output level and the noise 




FIG. 5—FREQUENCY RESPONSE of Nakami- 
chi’s type SX treated-ferric tape (shown in a) 
and their prototype ZX metai-alloy tape (shown 
in t). 



FIG. 6—HARMONIC DISTORTION comparison 
between Nakamichi’s type SX ferric and type 
ZX metal-particle tapes. 


prototype machine) with 3-dB more bias 
than the conventional SX tape. Playback 
equalization was the same for both tapes, 
specifically, 3180/70 jus, and appropriate 
modifications in the record equalization 
were made for the ZX tape. 

Figure 6 shows the low-distortion char¬ 
acteristic of the ZX tape when it is used 
with a record head that can provide the 
required high bias. 

Compatibility problems 

To avoid creating chaos in the metal- 
tape market, Nakamichi also suggested 
that tape manufacturers consider offering 
a broad-bias version of metalloy tape. 
This tape should be capable of being used 
in current cassette decks set to the 
chrome-tape position as well as in future 
tape decks with the additional bias- 
current capability. Currently available 
tape decks would still require new erase 
heads in order to make full use of this 
broad-bias tape. The company has desig¬ 
nated this broad bias tape as ZX/BB and 
believes that it may well bridge the gap 
between the great potential of the new 
tape formulation and the current state of 
cassette hardware. 

Noise-reduction system 

Nakamichi has also proposed that a 
new noise-reduction system be intro¬ 
duced at this time. Back in 1970, Dolby 
became popular in home cassette ma¬ 
chines at just about the time that the 


floor at the specified frequency. 

then-new “chrome” tapes were intro¬ 
duced, requiring a major redesign of 
cassette hardware. 

Nakamichi now believes that the next 
major step for the cassette format de¬ 
pends upon the combined impact of a new 
magnetic tape and head technology plus 
an improved noise-reduction system. To 
achieve this, the company has selected 
and been involved with a consumer ver¬ 
sion of Telefunken’s noise-reduction sys¬ 
tem, the professional version of which is 
known in Europe as Telcom C4D. The 
Nakamichi version, like most tape noise- 


COMPRESSION (ENCODE)RECORD 





FIG. 7—THE TELEFUNKEN NOISE-REDUCTION 
compression, expansion and encode/decode 
curves—a, b and c, respectively. 


reduction systems, is basically a compres¬ 
sor/expander that uses an encode process 
during record and a decode process dur¬ 
ing playback. Nakamichi feels that this 
system satisfies three important criteria: 
Full complementary action of the com¬ 
pressor and expander under steady-state 
and dynamic conditions; a circuit design 
featuring high repeatability and therefore 
compatibility from unit to unit; and, 
finally, suppression of the “breathing” 
noise that is often caused by modulation 
of tape noise by the recorded signal 
during expansion. 

The Telefunken system is similar to 
Dolby-B systems in that it works only on 
the upper end of the frequency scale. It 
differs from Dolby because it has a faster 
attack time and uses a 2:1 compression 
and expansion ratio. The system can pro¬ 
vide a 20-dB improvement in signal-to- 
noise ratio (as compared with the 10-dB 
afforded by Dolby-B systems). 

Figure 7 shows the Telefunken noise- 
reduction system’s encode, decode and 
overall amplitude characteristics at vari¬ 
ous signal levels. As is true of the Dolby 
system, the Telefunken processor de¬ 
pends upon the accurate matching of 
record and playback reference levels. If, 
however, such level calibrations are accu¬ 
rately made, the overall record/playback 
response should be as error-free as shown 
in Fig. 7. 



In the interest of providing compatibil¬ 
ity, when Nakamichi installed this noise- 
reduction system in their prototype mod¬ 
el WOO II ZX cassette deck, a selector 
switch was also incorporated to provide a 
choice of either 10-dB or 20-dB noise 
reduction. The company believes the 10- 
dB position is compatible with existing 
Dolby-B systems. With a 10-dB position, 
a user could play back Dolby-encoded 
cassettes or record cassettes that could 
continued on page 114 


























































































































































ladlo-Eiectronics Audio Lao Tests 
Lalayetle LR-120DB 


Slereo Receiver 



• I .*.• .* 

1 


WE RARELY TEST AND REPORT ON SO-CALLED 
private label audio equipment simply because 
past performance of, many such nonbrand 
items has been disappointing. However, the 
Lafayette model LR-I20DB is an exception. 
This unit outperformed many similarly priced 
receivers produced by well-known stereo com¬ 
ponent manufacturers and is extremely well 
built. It has just about every control feature 
you would want in a top-grade receiver. In 
addition, the fact that Lafayette stores are 
located throughout the country and their mer¬ 
chandise can be purchased from a mail-order 
catalog led us to do a full test report on this 
receiver. 

Figure 1 shows the model LR-120DB has a 
large, easy-to-read dial area containing a well- 
calibrated linear FM dial scale and a conve¬ 
niently arranged AM frequency scale. Located 
above the frequency scales on the left are 
signal-strength and center-of-channel tuning 
meters, and on' the right a pair of power-output 
meters calibrated to 240 watts. A row of small 
pushbuttons and indicators to the left of the 
dial handle the Dolby FM mode (a Dolby 
decoder as well as 25-ms FM de-emphasis are 
included), a high-blend circuit for weak-signal 
stereo FM reception, a mono/stereo mode 
switch, FM muting with an associated muting- 
threshold control that varies the signal 



SPEAKERS "B" SPEAKERS "C" 


MANUFACTURER’S PUBLISHED SPECIFICATONS: 

FM TUNER SECTION: 

Usable Sensitivity: mono, 1.8 mV (10.3 dBf); stereo, 4.0 mV (17.2 dBf). 50-dB Quieting: 
mono, 2.8 mV (14.1 dBf); stereo, 38 mV (36.8 dBf). Selectivity: 80 dB. Capture Ratio: 1.3 
dB. IF Rejection: 85 dB. Image Rejection: 80 dB. Spurious Rejection: 90 dB. AM 
Rejection: 55 dB. S/N Ratio: mono, 74 dB; stereo, 70 dB (10-dB more with Dolby). 
Distortion at 1 kHz: mono, 0.15%; stereo, 0.3%. Mute Range: 10 mV to 200 mV (25.2 to 
51.2 dBf). Frequency Response: 30 Hz to 15 kHz, -1-0.5, -1.5 dB. Stereo Separation: 
45 dB at 100 Hz and 1.0 kHz; 35 dB at 10 kHz. 

AM TUNER SECTION: 

Sensitivity: 20 mV. Image Rejection: 75 dB. Selectivity: 32 dB. S/N Ratio: 52 dB. 
AMPLIFIER SECTION: 

Power Output: 120 watts-per-channel into 8 ohms, 20 Hz to 20 kHz. Rated Distortion: 
0.09%. Input Sensitivity: phono, 2.5/5.0/10 mV; high level, 150 mV; microphone, 5 mV. 
Phono Overload: 150/300/600 mV. S/N Ratio: phono, 70 dB; high level, 90 dB, “A"- 
weighted. Bass Range: ±12 dB at 50 or 100 Hz. Treble Range: ±10 dB at 10 or 20 
kHz. Midrange Control: ±6 dB at 1 kHz. Low-Filter Cutoff: -3 dB at 15 or 70 Hz. 
High-Filter Cutoff: -3 dB at 7 or 12 kHz. Low Boost: +12 dB at 50 Hz; -I-10 dB at 100 
Hz. Audio Muting: —15 dB or —30 dB. 

GENERAL SPECIFICATIONS: 

Power Requirements: 105 to 120 volts, 50 to 60 Hz, 475 watts maximum. Dimensions: 
21'/2 W X 7 H X 17V. inches D. Net Weight: 41 lb., 14 oz. Suggested Retail Price: 
$650. 


strength required to overcome muting, and a 
stereo indicator light. 

To the right of the dial area are speaker- 
selector switches (for up to two sets of speak¬ 
ers), a remote speaker system selector switch, a 
meter range pushbutton (this control increases 
meter sensitivity so that full-scale readings 
correspond to 24 watts instead of 240 watts), 
and a main power on/off switch with an indi¬ 
cator light. 

The remaining controls are arranged along 
the lower section of the panel. These controls 
include a microphone input jack with a mike 
mixing-level control; a program selector 
switch; two tape monitor and dubbing lever 
switches with settings for up to two tape decks; 
a balance control; a master volume control; 
bass, midrange and treble controls; a large 
flywheel-coupled tuning knob; and twin stereo 
phone jacks. Additional lever-type controls 
select either of two turnover frequencies for 
the bass and treble controls as well as defeating 
or bypassing these control circuits entirely. 
The bass-control turnover frequencies are ei¬ 
ther 500 Hz or 250 Hz; while the treble- 
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introductory 
Electronics 


MICROELECTRONICS 
Digital and Analog Circuits and 
Systems By J. Millman. 881 pp., 700 Ulus. 
This giant book takes you step by step from a 
qualitative knowledge of a semi-conductor, to 


9.50 

HANDBOOK OF OPERATiONAL 
AMPLiFiER CIRCUIT DESIGN. By D. F. 

Stout. Edited by M, Kaufman. 434 pp., 223 
Ulus. Compact, concise, highly concentrated, 
and containing a storehouse of information, 
this one-stop volume will help you solve any op 
amp circuit problem! 

617/97X Pub. Pr, $29.65 Club Pr., $17.50 


LOGIC DESIGNER'S MANUAL. By J. D. 

Lenk. 502 pp., 424 Ulus. Here's a special 
manual to snow you how to take off-the-shelf 
logic circuits and interconnect them to form 
any logic system you want. Packed with tech¬ 
niques to create superior designs at less cost 
and with fewer components, this huge manual 
covers it all—from how to design networks to 
applying every type of logic device! 

784/671 Pub. Pr, $18.95 Club Pr, $15.75 

1C SCHEMATIC SOURCEMASTER. By K. 

W. Sessions. 557 pp., 1,500 schematics. All 
1,500 circuits here—from the simplest to the 
most complex—are based on currently man¬ 
ufactured, inexpensively acquired ICs. Many 
are the equivalent of even more complex cir¬ 
cuits containing up to several thousands of 
individual transistors if built with discrete com- 

Pub. Pr, $26.95 Club Pr. $19.95 


CRYSTAL OSCILLATOR DESIGN AND 
TEMPERATURE COMPENSATION. By 

M. E. Frerking. 240 pp.. Ulus. With this guide 
you can design virtually any crystal oscillator 
encountered in commercial or military elec¬ 
tronics, including logic gate and integrated cir¬ 
cuit oscilators. An important part of this book is 
its authoritative and thorough treatment of 
temperature compensation. 

784/973 Pub. Pr., $16.95 Club Pr, $13.50 

STANDARD HANDBOOK OF 
ENGINEERING CALCULATIONS. By IQ. 

Hicks, Editor-in Chief. 1,200 pp., 428 Ulus. Tells 
you what to do, when to do it, and how to do 
it—giving step-by-step solutions to the design 
and application problems that engineers en¬ 
counter daily. Containing some 1,000 calculation 
procedures accompanied by worked-out numer¬ 
ical examples, it also features 4.000 related cal¬ 
culation procedures. 

287/341 Pub. Pr, $27.50 Club Pr, $19.95 


BE SURE TO CONSIDER THESE IMPORTANT Tl 

DIFFERENTIAL EQUATIONS FOR ENGINEERS. 

By T M. Creese & R. M. Haralick. 

135/10X Pub. Pr., $17.50 Club Pr., $13.50 

APPROXIMATION METHODS FOR ELEC¬ 
TRONIC FILTER DESIGN. By R W Daniels 
153/086 Pub. Pr., $31.50 Club Pr., $19.50 

MANAGEMENT DF ENGINEERING PROJECTS, 

2/e. By V G. Hajek. 

255/342 Pub. Pr., $16.95 Club Pr., 12.50 

CIRCUITS FOR ELECTRONIC ENGINEERS By 

Electronics Magazine 

191/573 Pub. Pr, $24.50 Club Pr, $17.00 


PRACTICAL ELECTRICAL PROJECT EN¬ 
GINEERING By L. B. Roe 

533/92X Pub. Pr, $19.50 Club Pr, $15.50 

DIGITAL INTEGRATED ELECTRONICS By H. Taub 
& D. Schilling 

629/218 Pub. Pr, $23.50 Club Pr, $16.95 


783/659 ' Pub. Pr, $24.50 Club Pr, $ 

MODERN DIGITAL COMMUNICATIONS By E. J 

Ross 

783/853 Pub. Pr, $10.95 Club Pr, $9.30 



ELECTRONICS DESIGNERS' HAND¬ 
BOOK. Edited by L. J. Giacoletto. 2nd Ed. 
2,344 pp., 1,686 lllus. Now doubled in size and 
with 90% of its material new, this famous classic 
(first edition by Landee, Davis, Albrecht) has 
been thoroughly revised and updated to give 
you not only the how and the why of all your 
design work but also the how much of every 
design step you take! 

231/494 Pub. Pr., $52.50 Club Pr., $39.50 


DIGITAL INTEGRATED CIRCUITS AND 
OPERATIONAL AMPLIFIER AND OP¬ 
TOELECTRONIC CIRCUIT DESIGN. 

Edited by B. Norris. 206 pp., 400 lllus. Having 
this vast amount of case-tested data, proven 
shortcuts, worked-out circuit designs, and cir¬ 
cuit diagrams handy saves you valuable time for 
your other, more vital, areas of creative de¬ 
sign—and cuts down costs in all areas! 

637/539 Pub. Pr., $19.50 Club Pr., $14.50 

OPTOELECTRONICS Theory and 
Practice. By Texas Instruments Incorporat¬ 
ed. Edited by A. Chappeii. 442 pp., 475 lllus. 
Right here is where you'll find all the knowl¬ 
edge and know-how you need to take any of 
today's optoelectric components and develop 
your own circuits and uses. You get both the 
background and the technical specifics (with 
aii the proven circuits you want!) 

637/555 Pub. Pr., $21.50 Club Pr., $17.00 


MICROCOMPUTER-BASED DESIGN. By 

J. P. Peatman. 604 pp., 400 lllus. Do all your 
best day-to-day and supercreative designs 
around today's microcomputers with the spe¬ 
cific “how-to" help here! Big new printing has 
more pages, lots more new material, including 
data on such "hot" third generation micros as 
intei 8048/8748, Zilog Z80. and a first and val¬ 
uable overview of the Motorola 6809! 

491/380 Pub. Pr.. $24.50 Club Pr., $17.50 
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offer to new members of the 
and Control Engineers' Book Club 


ELECTRONICS ENGINEER'S HAND¬ 
BOOK. Editof-in-Chief, 0. G. Fink. 2, 104 pp., 
2,026 Ulus. Huge in every sense, this instant- 
reference volume gives you every latest essen¬ 
tial in the field, 2,100 formulas and equafions, a 
2,500-item bibliography, and every illustration 
you need to clarify all of modern electronics! 
209/804 Pub. Pr., $49.50 Club Pr., $35.00 


GUIDEBOOK OF ELECTRONIC CIR¬ 
CUITS. By J. Markus. 1,018 pp., Ulus. Are you 
constantly on the lookout for circuits that will 
meet your needs? Here’s a giant collection of 
them to use “as is" or to adapt to your own ideas. 
Complete with values. 

404/453 Pub. Pr, $37.50 Club Pr, $27.50 


DESIGN TECHNIQUES FOR 
ELECTRONICS ENGINEERS, 
Electronics Book Series. By ELEC¬ 
TRONICS Magazine. 370 pp.. Ulus. The whole 
gamut of complex techniques required when 
you’re designing a circuit or system is explained 
arxf shown in the superb collection of the 'best 
of the best" from Electronics magazine. 
191/581 Pub. Pr, $ 24.50 Club Pr, $ 17.50 


DIGITAL COMPUTER ELECTRONICS. By 

A. R Malvino. 404 pp.. Ulus. The only prerequi¬ 
site for your daily use of this book is dc-ac 
theory and an elementary knowledge of di¬ 
odes and transistors. With just these you can 
take full advantage of every sentence, dia¬ 
gram, circuit, and table in this introduction to 
computers in general and to microprocessors 
in particular. 

398/615 Pub. Pr, $14.95 Club Pr, $10.95 


PROFESSIONAL ENGINEERS' EXAM¬ 
INATION QUESTIONS AND ANSWERS. 

By W. S. LaLonde, Jr., and W. J. Stack-Staikidis. 
3rd Ed. 601 pp., 276 Ulus. Over 500 questions 
and complete answers—suitable for all 
states—prepare you for passing your exams for 
the E.l.T. certificate and your RE. license. 
360/936 Pub. Pr, $19.50 Club Pr, $14.50 


MICROPROCESSORS & SMALL 
DIGITAL COMPUTER SYSTEMS 
FOR ENGINEERS & SCIENTISTS. By G.A. 
Korn 390 pp. This exceptional book is your 
quick reference for expert advice on product 
selection, interfacing, and programming. Con¬ 
taining a huge variety of computer possibilities, 
system features, and costs, it’s also a terrific tool 
for career updating. 

353/670 Pub. Pr, $27.50 Club Pr, $18.95 
ELECTRONICS DICTIONARY. Edited by 
John Markus. 4th Ed., 768 pp., 1,173 Ulus., 
17,090 terms. With the new edition of this 
world-renowned dictionary you’ll be able to 
quickly find the meaning and correct usage of 
any electronics term, no matter how obscure! 
404/313 Pub. Pr, $24.50 Club Pr, $19.50 


A USER'S HANDBOOK OF D/A AND 
A/D CONVERTERS. By E. R. Hnatek. 472 
pp.. Ulus. Keep this guide handy for help in 
designing, using, and applying D-to-A and 
A-to-D converters. The stress is on the 
simplified designs made possible by today’s 
high-quality precision ICs. 

767/149 Pub. Pr, $24.95 Club Pr, $18.50 
HANDBOOK FOR ELECTRONICS EN¬ 
GINEERING TECHNICIANS. By M. Kauf¬ 
man and A. H. Seidman. 520 pp., 695 Ulus. 
Rely on this technician’s godsend for all your 
work with analog and digital integrated and dis¬ 
crete circuits. Here are the stiff brush-up you 
want and the solutions to every possible prob- 

334^3 Pub. Pr, $23.50 Club Pr, $16.50 


MASTER OP-AMP APPLICATIONS 
HANDBOOK. ByH.W. Eox. 467 pp.. 320 Ulus. 
There's enough practical build-it information in 
this book to keep you breadboarding and exper¬ 
imenting and creating for years! It shows you 
how to put op amps to work in literally hundreds 
of different circuits, in hundreds of hardworking 
applications. 

784/477 Pub. Pr, $16.95 Club Pr, $13.50 


ELECTRONICS AND CONTROL 
ENGINEERS’ BOOK CLUB 
saves you both time and money! 

Here is a professional book club designed to meet your on-the-job engineering 
needs by providing practical books in your field on a regular basis at below 
' pOblisher prices. If you’ re missing out on important technical literature—if today’s 

high cost of reading curbs the growth of your library—here’s the solution to your 
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The Electronics and Control Engineers’ Book Club was organized for you, to 
provide an economical reading program that cannot fail to be of value. Adminis¬ 
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literature in your field guarantees the appropriateness of the selections. 
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best books. 
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control frequencies are 2.5 kHz or 5 kHz. A 
loudness-control lever switch offers a fixed 
degree of bass boost that is independent of the 
master volume control setting as well as the 
usual loudness compensation, and a two-posi¬ 
tion muting switch provides either 15 dB or 30 
dB of fixed signal attenuation. 

The rear panel (see Fig. 2) of the model 
LR-I20DB contains input- and output-connec¬ 
tion terminals separated by heavy heat-sink 
structures. On the left-hand side are three sets 
of spring-loaded speaker terminals and a pair 
of AC convenience outlets (one switched, the 
other unswitched). The antenna terminals 
(also on the left) permit connecting AM, 300- 
ohm and 75-ohm FM antennas. An attenuator 
switch alongside these terminals reduces signal 
strength in case of tuner overload. Also provid¬ 
ed are two pairs of phono input jacks, auxiliary 
and recording input jacks, and two pairs of 
tape-output jacks. A three-position slide 
switch alters the phono-input sensitivity arid 
lets you choose either a 2.5 mV, 5.0 mV or 10 
mV input level for rated output. In addition, a 
chassis ground terminal and a pivotable AM 
ferrite-bar antenna are provided. Figure 2 
shows the various types of equipment that can 
be connected to this receiver. 



Circuit highlights 

Although a complete schematic diagram of 
the model LR-I20DB was not available, cer¬ 
tain features and eircuit designs are described 
in the owner’s manual. A dual-gate MOSFET 
is used in the RF amplifier of the FM front 
end, along with a four-section variable tuning 
capacitor. Two 2-element ceramic filters and a 
6-pole linear-phase L-C filter are used in the 
IF section. A single special IC functions as an 
IF amplifier, a quadrature FM detector cir¬ 
cuit, and a driver circuit for the tuning meters, 
as well as providing muting that can eliminate 
inter-station noise and mute sounds when the 
tuner is not properly set to center-channel. The 
power amplifier section uses direct-coupled 
(output capacitorless) output stages that are 
protected by dual relay and electronic-overload 
circuitry. 

FM measurements 

Table 1 summarizes our FM performance 


TABLE 1 

RADIO-ELECTRONICS PRODUCT TEST REPORT 


Manufacturer: Lafayette Radio 

Model: LR-120DB 

FM PERFORMANCE MEASUREMENTS 


SENSITIVITY, NOISE 

R-E 

R-E 

AND FREEDOM FROM INTERFERENCE 

Measurement 

Evaluation 

IHF sensitivity, mono (mV) (dBf) 

1.7 (9.8) 

Excellent 

Sensitivity, stereo (mV) (dBf) 

3.2 (15.3) 

Excellent 

50-dB quieting signal, mono (mV) (dBf) 

2.7 (13.8) 

Excellent 

50-dB quieting signal, stereo (mV) (dBf) 

31.0 (35.0) 

Excellent 

Maximum S/N ratio, mono (dB) 


Very good 

Maximum S/N ratio, stereo (dB) 

70 

Very good 

Capture ratio (dB) 

1.3 

Good 

AM suppression (dB) 


Very good 

Image rejection (dB) 

83 

Very good 

IF rejection (dB) 

85 

Very good 

Spurious rejection (dB) 

92 

Excellent 

Alternate channel selectivity (dB) 

80 

Excellent 

FIDELITY AND DISTORTION MEASUREMENTS 

Frequency response, 50 Hz to 15 kHz (±dB) 

1.2 

Good 

Harmonic distortion, 1 kHz, mono (%) 

0.12 

Very good 

Harmonic distortion, 1 kHz, stereo (%) 

0.20 

Good 

Harmonic distortion, 100 Hz, mono (%) 

0.15 

Very good 

Harmonic distortion, 100 Hz, stereo (%) 

0.12 

Excellent 

Harmonic distortion, 6 kHz, mono (%) 

0.13 

Excellent 

Harmonic distortion, 6 kHz, stereo (%) 

0.25 

Excellent 

Distortion at 50-dB quieting, mono (%) 

0.47 

Very good 

Distortion at 50-dB quieting, stereo {%) 

0.3 

Very good 

STEREO PERFORMANCE MEASUREMENTS 

Stereo threshold (mV) (dBf) 

2.0(11.2) 

Excellent 

Separation, 1 kHz(dB) 

50 

Excellent 

Separation, 100 Hz (dB) 

56 

Superb 

Separation, 10 kHz (dB) 

41 

Excellent 

MISCELLANEOUS MEASUREMENTS 

Muting threshold (mV) (dBf) 

10-150(25.2-48.7) 

Very good 

Dial calibration accuracy (± kHz at MHz) 

100 

Very good 

EVALUATION OF CONTROLS, 

DESIGN, CONSTRUCTION 

Control layout 


Excellent 

Ease of tuning 


Very good 

Accuracy of meters or other tuning aids 


Excellent 

Usefulness of other controls 


Very good 

Construction and internal layout 


Excellent 

Ease of servicing 


Very good 

Evaluation of extra features, if any 


Excellent 

OVERALL FM PERFORMANCE RATING 


Excellent 


measurements. In comparing test results with 
published specifications, we noted that virtu¬ 
ally every specification was either met or 
exceeded substantially. 

Figure 3 is a scope photo of FM frequency 
response (upper trace), normal stereo separa¬ 
tion (lower trace), and stereo FM separation 
when the multiplex blend filter is introduced. 
In Fig. 3 and in all scope photos in this report, 
frequency is plotted along the horizontal axis 
(from 20 Hz to 20 kHz) while relative ampli¬ 
tude is shown vertically, with each major divi¬ 
sion equal to a 10-dB amplitude change. 

Figure 4 shows the built-in Dolby FM 
decoder response. As required in Dolby broad¬ 
casting, the de-emphasis is changed automati¬ 
cally to 25 /js and, at 100% modulation levels, 
the response eurve is flat (upper trace). As 
modulation levels are decreased (correspond¬ 
ing to quieter musical moments), high-fre- 
queney response is successively rolled off in 
increasing amounts (lower traces), restoring 
flat overall response, since those high frequen¬ 
cies had been correspondingly preboosted at 
the broadcast station. The overall effect is that 
there is a significant noise reduction at every 
level without any sacrifice of flat response. 

As for the AM section, published specifica¬ 
tions were generally met, with 50-dB signal- 
to-noise ratios observed for strong input sig¬ 
nals. However, as typical of most hi-fi stereo 
receivers, frequency response was not included 
in the published specifications. The AM fre¬ 
quency response curve of Fig. 5 shows why: 



Response was already rolling off at 2 kHz. 


Amplifier measurements 

Table 2 summarizes the measured perfor¬ 
mance of the receiver’s power amplifier and 
preamplifier/control sections. Lafayette could 
easily have elaimed a -F140-watt power rating, 
instead of the conservative 120 watt-per-chan- 
nel rating they assigned. Furthermore, the 
power bandwidth of the amplifier (frequency 
extremes at which rated power was still avail¬ 
able at or below rated harmonic distortion) was 
extremely wide—from below 10 Hz to 50 
kHz. Considering that this receiver does not 
use a DC-configured power amplifier, these 
results are quite outstanding. 

Figure 6 shows the range of bass and treble 
controls when 500-Hz and 2.5-kHz turnover 
frequencies are selected. However, when the 
alternate turnover frequencies are chosen (see 
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Fig. 7), it becomes possible to boost or cut 
extreme bass or treble frequencies without 
affecting the musical midrange tones. This 
form of tone-control adjustment proves to be 
more useful in most stereo systems than the 
broader adjustment range. Figure 7 also shows 
the action of the midrange tone control whose 
maximum boost or attenuation frequency is 
exactly 1 kHz, as claimed. 

Figure 8 shows the response of the two-posi¬ 
tion high-cut filter and that of the low-cut 
filter. Attenuation slopes are all 12 dB-per- 
octave; the attenuation of the subsonic (15- 
Hz) setting of the low-cut filter could not be 
shown since it begins at a frequency below the 
20-Hz lower limit of our spectrum analyzer. In 



listening tests, however, the 15-Hz setting 
provided audible improvement when used with 
a turntable having subsonic rumble. 

Summary 

Table 3 contains our overall product analy¬ 
sis, along with summary comments. We be¬ 
lieve there would seldom (if ever) be a need for 
a higher-powered receiver in a home music 
system than can be provided by the model LR- 
120DB. The receiver (unlike many) is Under¬ 
writers’ Laboratory (UL) listed for safety. In 
their latest mail-order catalog, Lafayette lists 
the model LR-I20DB as “the finest receiver 
we’ve ever offered,” and we agree. The unit 
also carries a two-year warranty, which is 
somewhat unusual for an electronic audio 
instrument. Best of all, the cost of this receiver 
is remarkably low. R-E 


TABLE 2 



RADIO-ELECTRONICS PRODUCT TEST REPORT 


Manufacturer: Lafayette Radio 

Model. LR-120DB 

AMPLIFIER PERFORMANCE MEASUREMENTS 



R-E 

R-E 

POWER OUTPUT CAPABILITY 

Measurement 

Evaluation 

RMS power/Channel, 8-ohms, 1 kHz (watts) 

159.0 


RMS power/Channel, 8-ohms, 20 Hz (watts) 

150.0 

Superb 

RMS power/Channel, 8-ohms, 20 kHz (watts) 


Excellent 

RMS power/Channel, 4-ohms, 1 kHz (watts) 

N/A 

N/A 

RMS power/Channel, 4-ohms, 20 Hz (watts) 

N/A 

N/A 

RMS power/Channel, 4-ohms, 20 kHz (watts) 

N/A 

N/A 

Frequency limits for rated output (Hz-kHz) 

10-50 

Superb 

DISTORTION MEASUREMENTS 



Harmonic distortion at rated output, 1 kHz (%) 


Superb 

intermoduiation distortion, rated output (%) 

0.11 

Very good 

Harmonic distortion at 1-watt output, 1 kHz (%) 

0.055 

Very good 

intermoduiation distortion at 1-watt output (%) 

0.03 

Excellent 

DAMPING FACTOR, AT 8 OHMS 

41 

Good 

PHONO PREAMPLIFIER MEASUREMENTS 



Frequency response (RIAA ±dB) 

0.2 

Excellent 

Maximum input before overlaod (mV) 

220/400/780 


Hum/noise referred to full output (dB) 

75 

Very good 

(at rated input sensitivity) 



HIGH-LEVEL INPUT MEASUREMENTS 



Frequency response (Hz-kHz, + dB) 

15-40, 1.0 

Excellent 

Hum/noise referred to full output (dB) 

90 

Excellent 

Residual hum/noise (minimum volume) (dB) 

94 

Good 

TONAL COMPENSATION MEASUREMENTS 



Action of bass and treble controls 

See Figs. 7&8 

Excellent 

Action of secondary tone controls 

See Fig. 8 

Excellent 

Action of low-frequency filters) 

See Fig. 9 

Excellent 

Action of high-frequency filter(s) 

See Fig. 9 

Excellent 

COMPONENT MATCHING MEASUREMENTS 



Input sensitivity, phono 1/phono 2 (mV) 

2.5/5.0/10.0 


Input sensitivity, auxiliary input(s) (mV) 

150 


Input sensitivity, tape input(s) (mV) 

150 


Output level, tape output(s) (mV) 



Output level, headphone jack(s) (V or mW) 

120 mW 


EVALUATION OF CONTROLS, 



CONSTRUCTION AND DESIGN 



Adequacy of program source and monitor switching 


Excellent 

Adequacy of input facilities 


Excellent 

Arrangement of controls (panel layout) 


Very good 

Action of controls and switches 


Excellent 

Design and construction 


Very good 

Ease of servicing 


Very good 

OVERALL AMPLIFIER PERFORMANCE RATING 


Excellent 

TABLE 3 



OVERALL PRODUCT ANALYSIS 


Retail price 

$650 


Price category 

Medium/high 


Price/performance ratio 



Styling and appearance 

Very good 


Sound quality 

Excellent 


Mechanical performance 

Excellent 


Comments: The Lafayette Radio model LB- 120DB stereo receiver is one of the best values in a 

high-fidelity component we have ever tested. This 

is all the more remarkable since our 

experience with other so-called private label audio products has often been disap- 

pointing. Traditionally, the serious audiophile i 

>as looked down upon such non- 

branded equipment as being inferior to that mad( 

3 by the better-known domestic and 

foreign manufacturers. While we do not know which Japanese manufacturer designed 

and built this receiver, it probably was one of the 

better companies that also produce 

their own identified line of receivers. FM reception, and particularly stereo FM, was 

superb, using our standard outdoor five-element antenna. We logged nearly 55 usable 

signals in our metropolitan New York testing area 

1. Interstation muting 

is positive and 

precise, and the threshold is narrow enough to allow even the weaker signals through 

while still taking advantage of the noise-free tuning feature. 


As for the amplifier, power output is extremely conservatively rated and power 

bandwidth extends well beyond hearing limits. The selectable phono sensitivity is a 

welcome feature, both for matching phono level 

s to other program t 


providing enormous headroom for high-output cartridges. The 10-mV input setting. 

however, is a bit of overkill and not really required with any cartridge we know. 

Selectable tone-control turnover plus a midrange control are features you might find in 

a receiver costing much more. Audio reproductic 

in was tight and well balanced at all 

listening levels. The Dolby decoding circuitry for 

Dolby FM adds greatly to the actual 

worth of the receiver and was precisely calibrated. 


This receiver deserves extremely high ratings in terms of price and performance. 
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Here’s a look at four different ways of making prototype 
printed-circuit boards, earl “doc” savage, K4Sds, hobby editor 


BEFORE GETTING TO THE MAIN TOPIC FOR 
this month, I am again reminded that the 
world can sometimes run away and leave 
you behind. I do suppose, though, that I 
am not back here all by myself. If you are 
also trying to figure out just what a 
microcompu1,jBr is, what it can do for you 
and what the different characteristics 
mean, a new free publication can help you 
out; 

Radio Shack’s new TRS-80 Micro¬ 
computer Catalog No. RSC-2 is actually 
more a source of general information than 
a catalog. It did clear up several points for 
me—perhaps it will do the same for you. 
You can pick one up at your local Radio 
Shack store. 

More PC prototyping systems 

By this time you know that I am a 
strong advocate of “the easy way” in 
doing anything and everything. On the 
subject of IC and transistor projects, that 
is why I have always recommended using 
the pencil-wiring system. This technique 
on plain perforated boards or universal 
PC boards is hard to beat. For instance, 
when you are going to build only one or 
two similar boards, pencil-wiring is fast¬ 
er, easier and/or less costly than laying 
out a dedicated PC board. 

Yet there are times when a dedicated 
(especially made for a particular circuit) 
board is desirable or even necessary. For 
example, this is the way to go if a circuit 
must undergo vibration or rough han¬ 
dling. This means getting the circuit 
down on the board with few, if any, wires. 
There are several photosensitive and 
transfer systems for making dedicated PC 
boards. You should use one of them if 
you plan to make multiple copies of the 
same board. However, this is a lot of work 
for prototyping, making one or two copies 
of a board. 

In my never-ending search for the easy 
way, I have discovered several methods to 
accommodate my laziness and still make 
good dedicated PC boards on a prototype 
basis. Because each of these methods has 
its own advantages. I’ll tell you about 
them and then you can choose the one(s) 
that meets your needs. First, however, 
there is a task that you must perform 
regardless of the method you use. 


Only if you are copying a preplanned 
circuit from a magazine or handbook can 
you get by without planning your layout. 
Laying out your PC board can be simple 
or extremely difficult depending upon the 
circuit, but starting the PC board without 
such planning is pure folly. The idea, of 
course, is to have a minimum number of 
crossovers (jumpers) and adequate space 
for all components—^all in the minimum 
size PC board. 

You may have to draw and redraw the 
circuit several times. The time spent 
designing a good layout is certainly 
worthwhile. When (and only when) you 
have created a satisfactory pattern, are 
you ready to make the board. We’ll now 
look at four different so-called “fast” 
systems for making prototype PC 
boards. 

Cut-’N’-Peel method 

The Circuit-Stik Division of Bishop 
Graphics produces a neat prototyping 
system called Cut-’N’-Peel. All you do is 
draw your circuit pattern on a special 
board, cut through the copper foil with a 
razor knife, and peel away the unwanted 
copper. You now have a dedicated PC 
board ready to use. The process is almost 
as simple as it sounds—^just be careful to 
prevent the knife from slipping (although 
you can repair the foil if you do cut too 
far), and you do have to drill the holes if 
you choose one of the plain boards to 
start. 

The Cut-’N’-Peel PC boards are avail¬ 
able in a number of sizes both with and 
without edge-connector contacts. The 
boards come plain or drilled with the 
standard DIP spacing and with copper 


coating on one or both sides. Altogether 
there is a wide variety of types to meet 
any need. For further information, circle 
number 147 on the Free Information 
Card in the back or write Circuit-Stik 
Division of Bishop Graphics, Inc., P.O. 
Box 5007, Westlake Village, CA 91359. 

Circuit-Stik method 

The very name of this outfit comes 
from an “instant circuit board” system. 
In this system, you literally “stick” a 
circuit together on an unclad plain or 
drilled board. There are many subele¬ 
ments included, such as socket patterns of 
all shapes and sizes for discrete compo¬ 
nents and IC’s, component strips, “do¬ 
nut” pads, connector patterns, and many 
others. 

Making a dedicated PC board requires 
just a few simple steps: Draw the circuit 
pattern on an unclad board, select the 
necessary subelements and stick them on 
the board; drill for components (if using 
an undrilled board), mount the compo¬ 
nents and solder. The subelements can 
even be repositioned if you happen to put 
them in the wrong place. 

One very nice feature of this Circuit- 
Stik system is that you can have cross¬ 
overs in the foil pattern. Just place some 
insulation over a trace, then you can run 
another foil strip across it. 

This system is very convenient for 
making quick prototype boards although 
you may find it more costly to get started 
than some other methods. Further infor¬ 
mation is available from Bishop Graph¬ 
ics. 

Drill-mills 

Another etch/m system for making 
PC boards comes from A. F. Stabler 
Company. This method uses “drill-mills” 
that are made in several sizes and types. 
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These devices fit into a drill just like a 
regular drill bit, but they drill a small 
hole through a plated board and, at the 
same time, mill the copper surface plated 
on the board. 

One type of drill-mill produces an 
isolated pad (see Fig. 1) and the other, an 
insulated spot. The isolated-pad drill-mill 
is used when the component lead is to be 
soldered as it passes through the board. 
With the small bit removed, this same 
tool can make isolated solder pads with¬ 
out a center hole. The latter process is 
difficult to do without a drill press or a 
stand for your hand drill (which is also 
the best way to use drill-mills in any 
case). If the component lead is not going 
to be attached to the board (as in wire¬ 
wrapping, for example) the insulated-spot 
drill-mill is used. 

The smallest drill-mill is suitable for 
the 0.01-inch spacing required to make 
the pads for IC sockets. There is a choice 
of bit sizes, and of pad and spot sizes, plus 
a rubber stamp is available for stamping 
IC-socket drilling templates on the PC 
board. 

Boards made with Stabler drill-mills 
have several differences. Components are 
mounted on the copper side of the board 
and leads are soldered to the isolated 
pads. Most of the wiring is done on the 
unclad side of the board using the lead 
tails themselves. This produces a beauti¬ 
ful ground plane, of course, and the parts 


are solidly fastened. That ground plane 
can be especially advantageous in cre¬ 
ating radio-frequency circuits as well as 
some digital and linear circuits. 

Full details on use, sizes and prices of 
the drill-mills are available from A. F. 
Stabler Company, P.O. Box 354, Cuper¬ 
tino, CA 95014. 

Stamp-Etch system 

The fourth “easy-way” dedicated 
printed-circuit board system requires 
etching, but it is probably the fastest and 
simplest method to prepare a blank board 
for the etching process. All you do is to 
stamp and draw the circuit pattern on the 
board; the secret to the ease of using this 
system lies in the stamping. 

Freehand drawing with a “resist pen” 
would work by itself if it were not for the 
transistor, IC and connector patterns. 
(Have you ever tried to draw an IC socket 
accurately on a 1:1 scale?) Fortunately, 
there is a better way. Now you can actual¬ 
ly stamp the socket patterns (and others) 
right on the copper using a special etch- 
resistant ink pad, then draw just the inter¬ 
connecting lines, and you are ready to 
etch. It’s that simple! 

Rainbow Industries (P.O. Box 2366, 
Indianapolis, IN 46206) produces rubber 
stamps in many different patterns. They 
are used just like ordinary name and 
address stamps, except that you use spe¬ 
cial etch-resistant ink and take a little 


extra care during stamping. 

This Stamp It-Etch It system really 
fills the bill for one- or two-of-a-kind 
dedicated PC boards. Stamp, stamp, draw 
the lines and then etch. What could be 
quicker? 

Of course, you can use the stamps on 
paper as well as on copper-clad boards. 
This means that you can save time in 
planning layouts. No more socket-pattern 
sketching—you just stamp your patterns. 
If the first (or second or third) layout 
doesn’t work well, just stamp another. In 
addition, if you plan to make multiple 
boards with a photographic process, you 
can use the stamps to make the original 
master pattern. 

When planning layouts on paper, use a 
regular stamp pad. For photographic 
originals, however, the ink in most pads is 
not thick enough for a solid impression. 
For better results, use Rainbow Indus¬ 
tries’ resist-ink pad and a nonabsorbent 
paper. 

Rainbow’s Stamp It-Etch It system is 
altogether quite versatile. Several kits as 
well as individual stamps are available. If 
you follow the instructions provided, you 
will get good results. Pay particular atten¬ 
tion to two instructions: keep the stamps 
clean and use a light impression. 

Summary 

There you have the gist of four easy 
continued on page 97 



END PAPER POLLUTION! 
in Office, Home, Lab, Workshop 
HANDY, HUSKY, HEAVYDUTY 

SHELF FILES 


KEEP MAGAZINES, CATALOGS, 
MANUALS, JOURNALS, PLANS 

NEAT and FULLY 


1^^ ORGANIZED! 

Eliminate the mess of loose magazines, i 
newspapers, catalogs, etc. in office, lab, I 
workshop. Find what you want when you I 
want it by using these handy shelf or desk I 
files. Ends personal paper pollution prob- I 
lems once and for all! Adhesive ID labels | 
included. Letter size: 9" X 11 Vz" X 3%''. 

Use credit card to order. Mail coupon be- | 
low. Satisfaction guaranteed. 


>. Wacker Dr., Chicago, II 

I Please ru sh postpaid Fiberboard Desk an d Shelf Files as chec ked be. 



full paymeht. Ship 
ppd. 

□ Bill Company 


sizes from digest to newspaper available. 
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Factory Wired & Tested —$32.71 
Easy-to-Assemble Kit— $21.79 
YOU DON’T NEED A BENCH FULL OF EQUIPMENT TO TEST T"ANS[ST0R RADIOS! AM tf 
.eiia.f.. ..w... tranciefArc fhAmcAivAs — Affd thfi raoios OF Other Cl 




troubles speedily with a singly streamlined instrume_nt_in^e^£ anjl^o^te 

hooK-up. I- 

Features:. ^ . j 

ranges^ Checks jeakagb; UjjF | 


d me FREE catalog of the ci 
, ...je-packed EMC line, and n 
I local distributor- 


_RE-3 


ADDRESS— 


EMC, 625 Broadway, New York 12, N.Y, 

Checks'ail transistor types - high or low | 
power. Checks DC current gain (beta) to I 
200 in 3 ranges. Checks leakage. Uni¬ 
versal test socket accepts different base ■ 
configurations. Identifies unknown tran- 
sisters as NPN or PNP. | '' 

Dynamic test for all transistors as signal j 
amplifiers (oscillator check), in or out of h 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. | ciTY_ 

Checks condition of diodes. Measures_ 

battery or other transistor-circuit oower- "- 

supply voltages on 12-volt st 
ternal power source needed. Measures I 
circuit drain or other DC currents to 80 I 
milliamperes. Supplied with three enter- f 
nal leads for In-circuit testing and a L 
pair of test leads for measuring voltage ■ 
and current. Comes complete with P 
Instruction manual and translator listing. I 


Z0HE STATE— 


EMC 











































Color. VP-590 add-on Color Board allows program 
control of Sbrilliantcolorsforgraphics.colorgames. 

Plus 4 selectable background colors. Includes 
sockets for 2 auxiliary keypads {VP-580). $69* 

Sound. VP-595 Simple Sound Board provides 256 
tone frequencies. Greatforsupplementing graphics 
with sound effects or music. Set tone and duration 
with easy instructions. $24.* 


Music. VP-550 Super Sound Boardturnsyour VIP into a music 
synthesizer. 2 sound channels. Program control of frequency, 
time and amplitude envelope (voice) independently in each 
channel. Program directly from sheet music! Sync provision 
for controlling multiple VIPs, multitrack recording or other 
synthesizers. $49.* 


y. VP-570 RAM Expansion Board adds 4K 
bytes of memory. Jumper locates RAM in any 4K 
block of up to 32K of memory. On-board memory 
protect switch. $95^ 

EPROM Programmer. VP-565 EPROM Programmer Boar 
comes complete with software to program, copy and 
verify 5-volt 2716 EPROMs—comparable to units 
costing much more than the VP-565 and VIP put 
together! Programming voltages generated on 
board. ZIP PROM socket included. $99.* 


EPROM Interface. VP-560 EPROM Interface 
Board locates two 5-volt 2716 EPROMs (4K 
bytes total) anywhere in 32K of memory. 
VIP RAM can be re-allocated. $34.* 


ASCII Keyboard.** Fully encoded, 128-character ASCII 
encoded alpha-numeric keyboard. 58 light touch keys 
including 2 user defined keys! Selectable upperand lower 
case. Handsomely styled. Under $50.* 


Tiny BASIC.** VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored 
in 4K of ROM. Ready for im¬ 
mediate use—no loading 
necessary. This expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 additional—including 
color and sound control! 
Requires external ASCII 
encoded alpha-numeric 
keyboard. $39.* 


ixillary Keypads. Program 
your VIP for 2-player inter¬ 
action games! 16-key keypad 
VP-580 with cable ($15*) 
connects to sockets pro¬ 
vided on VP-590 Color Board 
or VP585 Keyboard Interface 
Card ($10*). 


COSMAC VIP lets you add 
computer power a board at a time. 


With these new easy-to- 
buy options, the versatile 
RCA COSMAC VIP 
(CDP18S711) means even 
more excitement. More 
challenges in graphics, 
games and control func¬ 
tions. For everyone, from 
youngster to serious hobby¬ 
ist. And the basic VIP com¬ 
puter system starts at just $249* assembled 
and ready to operate. 

Simple but powerful—not just a toy. 

Built around an RCA COSMAC micro¬ 
processor, the VIP includes 2K of RAM. ROM 
monitor. Audio tone with a built-in speaker. 
Plus 8-bit input and 8-bit output port to inter¬ 
face relays, sensors or other peripherals. It’s 


easy to program and operate. 
Powerful CHIP-8 interpre¬ 
tive language gets you into 
programming the first 
evening. Complete docu¬ 
mentation provided. 

Take the first step now. 
Check your local com¬ 
puter store or electronics 
parts house. Or contact 
RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 

'Suggested retail price. CDP18S711 does not include video monitor or cassette recorder 
"Available 1st Quarter. 1979. 


The fun way IB I * II 

into computers. H I 
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ways to make dedicated printed-circuit 
boards when you need them. Each system 
will make good, serviceable boards. Only 
one of the four systems actually requires 
etching a blank board. 

Producing a PC board using any one of 
the systems described in this column is 
much less expensive than having someone 
else make it for you. The only less costly 
PC board is one ordered from someone 
who spreads the cost over a large number 
of boards. Of course, such boards are 
available for only a few specialized cir¬ 
cuits. 

As far as the relative cost of each 
system is concerned, it is difficult to 
gauge. The Cut-'N’-Peel system is proba¬ 
bly the least expensive alternative for 
creating only one or two boards. The cost- 
per-board for the other three methods 
decreases rapidly as you produce more 
(different) boards. The Stamp It-Etch It 
system involves the mess of etching, but 
gets the circuit on the board more quick¬ 
ly. The drill-mills require more actual 
wiring than the other methods, but no 
more supplies are needed unless you 
break the drill bit. The Circuit-Stik 
method allows you to make changes on 
the board and permits crossovers. So, 
take your pick—to each person, his own 
brand of poison! 

As mentioned earlier, any and every 
PC board system requires layout planning 
as the first step. If, like me, you don’t 
make many PC boards and, therefore, 
have to make a number of trial layouts, 
using those Rainbow stamps to plan lay¬ 
outs saves considerable time. Even if you 
use another PC board method to make 
your dedicated boards, consider the pat¬ 
tern stamps just for layouts. Several 
stamps and different-colored pens or pen¬ 
cils will make your efforts much less 
confusing and speed up the whole process 
significantly. 

We have had space only to hit the high 
spots of these systems. Write the manu¬ 
facturers for more detailed information 
and prices. 

In winding up this discussion of proto¬ 
type boards, I can’t resist saying that I 
still prefer pencil-wiring printed-circuit 
boards unless the specific circuit or appli¬ 
cation considerations require a dedicated 
printed-circuit board! R-E 


If you would like more information 
on any of the printed-circuit board 
prototyping systems mentioned, you 
can obtain it by circling the appropri¬ 
ate numbers on the Free Information 
Card in the back of this issue. 

Bishop Graphics—Circle Number 
147 

A. F. Stabler—Circle Number 148 
Rainbow Industries—Circle Num¬ 
ber 149 



fact: 

February and March are 
be-kind-to-your-records/ 
check-your-stylus months... 



cleaning wherever you see this sign: 

A cartridge is forever—your stylus isn’t! Even 
though you can’t see stylus wear, it affects the per¬ 
formance of your entire hi-fi system. A worn stylus 
could even ruin your records! We urge you to have 
your stylus professionally inspected no less than 
once a year. 

During February and March, audio dealers dis¬ 
playing this sign will have trained personnel and 
the equipment necessary to examine your stylus 
for wear or damage. They’ll professionally clean 
your stylus and tell you if it’s time to replace it. 


^^'^^stylus cleaning brush 

A practical and safe way to clean your stylus! 
Synthetic bristles with the right amount of stiff 
ness to remove dust and lint buildup effi¬ 
ciently without damaging the stylus tip. 

Free when you have your stylus in¬ 
spected at a participating Shure 
dealer. 


Bring your cartridge back to original specs 

The performance of your cartridge depends largely on the stylus assembly and only 
a genuine Shure replacement stylus can restore your cartridge to its original perform¬ 
ance! Give your record collection the protection it deserves, insiston the words'This 
Stereo Dynetic® stylus is precision manufactured by Shure Brothers Inc." on the 
box, and the name SHURE on the replacement stylus you buy. Don't settle for sub¬ 
stitutes—your record collection is too valuable! 


SPECIAL NOTE: 
Genuine Shure replacement 
styli are available for virtually 
all Shure stereo magnetic car¬ 
tridges—whatever their age. If 
your dealer doesn't have yours. 




Replacement styli by... 


Sl-ILJI=l 




Shure Brothers Inc. • 222 Hartrey Ave. • Evanston, IL 60204 
In Canada: A.C. Simmonds & Sons Limited 
Manufacturers of high fidelity components, 
microphones, sound systems and related circuitry. 

CIRCLE 25 ON FREE INFORMATION CARD 
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sepuise clinic 


Switching suppiies are tricky, but you have to know how to 
handie these circuits. More and more of them are turning up 
in recent modeis. jack darr, service editor 


LET’S TAKE A LOOK AT ANOTHER PULSE- 
width-modulated DC power supply that 
has been around since 1972. It’s the 
Quasar electronic DC power supply used 
in their TS938 and other chassis. Its full 
name is “High-Frequency Electronic- 
Switched Pulse-Width-Modulated DC 
Power Supply,” but we’ll refer to it as the 
JA panel. 

Compared to other power supplies, this 
one is simple and not difficult to service 
using the right methods. It runs at 15,750 
Hz, synchronized to the horizontal oscil¬ 
lator. The power transformer is a “fly¬ 
back” unit, in which the primary current 
is switched by a power transistor. The 
secondary voltages supply all the DC 


power, even the picture-tube heater. This 
means the chassis is completely isolated 
from the AC line. 

The switch is controlled by driver tran¬ 
sistors and pulse shapers; plus it has its 
own 15,750-Hz oscillator. Because this is 
a blocking oscillator, it free-wheels; a 
“starter” circuit for the horizontal oscil¬ 
lator on the set is not necessary. After the 
horizontal oscillator starts, it syncs the 
free-wheeling oscillator. All the drivers, 
etc., on the JA panel are also completely 
isolated from the AC line. In fact, these 
circuits have their own “isolated ground,” 
which is on terminal 7 of the JA panel 
(Fig. 1). All DC voltages and waveforms 
here must be measured to this isolated 


ground; all chassis DC voltages and wave¬ 
forms are read to chassis ground. This is 
important to remember! 

The DC voltage is regulated with a 
pulse-width modulator. A voltage sample 
from a tertiary winding (terminals 3 and 
12) on the power transformer is rectified 
and used as a control voltage for the regu¬ 
lator stage. Under a heavier load, this 
voltage drops, so the regulator circuit 
widens the drive pulse to deliver more 
energy and bring it back up. The oscilla¬ 
tor develops a pulse that is shaped and 
controlled by the regulator and a pulse- 
shaper stage. This is a squarewave, feed¬ 
ing a driver stage that controls the switch¬ 
ing transistor. 

The high-voltage shutdown used in all 
solid-state sets is as follows: An SCR is 
connected across the drive circuit of the 
switching transistor whose gate senses the 
emitter voltage of the switch transistor. If 
something happens to make the switch 
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transistor conduct too heavily (thus rais¬ 
ing the voltage), the emitter voltage rises, 
the SCR fires and shunts the drive. The 
switch is turned off; because an SCR 
stays on until its anode voltage is cut off, 
the set must be turned off to reset the 
SCR. 

Figure 1 is a diagram of the JA panel. 
The basic power supply for this (not 
shown) is a voltage doubler on the chas¬ 
sis. Note the isolated-ground symbol, the 
hollow triangle, on terminal 7; the key 
waveforms for the oscillator, shaper and 
driver stage. Note in particular the clean 
squarewave pulse on the collector of the 
pulse shaper. If this key waveform lacks 
amplitude or is rounded or distorted, 
watch out! The actual drive pulse on the 
driver is rounded; this may be due to the 
inductive loading of the transformer. 
These were taken from a working JA 
p)anel on our bench, and confirmed by the 
factory in the TS938 manual! 

The first test for this circuit is with the 
seven DC voltage outputs, including the 
pilot lights. If one pilot light is out, check 
its rectifier diode. If this diode is bad, 
replace it only with a fast-recovery type, 
because ordinary “sinewave” diodes 
won’t do. Incidentally, if the pilot light is 
burning, this means that at least one of 
the panel’s secondary supplies is OK. 

If none of these voltages are present or 
if they’re off, make sure that the blocking 
oscillator is running at the proper fre¬ 
quency. Use your scope for these tests. 
Follow the waveforms through the pulse 
shaper, the driver, etc., to the base of the 
switch. If the waveform appears on the 
driver base but not on the collector, and 
there are no pulses on the switch base, the 
SCR has probably fired or shorted. The 
gate pulse comes through a Zener diode 
from the switch emitter; check this too. 
Normal emitter voltage for the switch 
transistor is 1.1 (read this to the isolated 
ground). If this voltage is OK but the 
SCR still fires, check the SCR. The 
normal anode voltage on the SCR when it 
is not firing is -1-24. When it is firing, this 
voltage should read almost zero. 

These DC power supplies are vulnera¬ 
ble to high-transient voltages from a 
lightning hit on the AC power line. One 
came in recently with three transistors, 
two diodes and some other parts blown on 
the JA panel. After these components 
were replaced, the set would not work 
normally—the high voltage was low, etc. 
The waveform on the shaper collector was 
badly off. This transistor was quite leaky; 
replacing it restored normal operation. 

After repairs were “completed,” a very 
odd symptom showed up when this set 
was tested. The picture was good, but it 
had an intermittent loss of both syncs. 
The vertical lines in the picture showed 
five or six large bends or waves in each 
line that constantly moved. If this kind of 
symptom turns up, check the tuning of 
the free-wheeling Nocking oscillator on 
the JA panel. The cause is that this oscil- 
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lator is actually hunting and won’t lock 
into the horizontal sync as it should. The 
factory service data lists this adjustment 
as “the regulator sync-level adjust”; it’s a 
large coil (shown as T2 on the schematic) 
opposite the output-voltage control pot on 
the panel. If you must adjust this small 
pot, which is factory-sealed and preset, 
don’t break the seal; if you do you also 
break the control! Just remove the origi¬ 
nal control, put in a new one, and then 

Then sillTt uslng^Src^menUhS lomes 
with it. 

The JA panel is a replaceable module. 
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Putabenditop 
DMM in your pocket. 
Only $169. 




Our new 8020A digital multimeter 
puts typical benchtop-type measure¬ 
ment capability in your pocket, your 
briefcase or your tool kit. And it puts 
true Fluke value in your hand. 

At only $169, the 8020A has fea¬ 
tures you won’t find on any other mul¬ 
timeter, at any price. 

Features like 26 ranges for seven 
functions, including conductance that 
measures leakage to 10,000 MQ. De¬ 
pendable CMOS LSI single-chip inno¬ 
vation, custom designed for the 8020A. 

It’s only 13 ozs. of reliable, shock- 
resistant measurement perfection. All 
guaranteed for a full year, including 
3 specs and its NBS-traceable calibra- 
z 
o 


tion. 

Benchtop performance for $169. 
And Fluke’s dedication to after-sale 
support, with service centers located 
worldwide for fast, cost-effective sup¬ 
port. A priceless combination. 

Call (800) 426-0361*, toll free. We’ll 
tell you the location of the closest Fluke 
office or distributor for a personal feel 
for the best DMM value around. 

Price U.S. only. 

*Alaska, Hawaii, Washington resi¬ 
dents — please call (206) 774-2481. 


SERVICE QUESTIONS 

continued from page 100 


and the other video drivers is EP15X18. 
You can replace it with an RCA SK- 
3044, a Sylvania ECG-154 and others. 
Oddly enough, the GE Transistor Guide 
does not show a replacement for this part 
number! 

DISAPPEARING RASTER 

There’s an odd problem in this Quasar 
model TS-91SF. The raster is present but 
it’s out of focus. When I adjust the focus 
control, the raster disappears. / can’t find 
any change in any DC voltage except for 
the picture tube cathodes, which change 
from +150 volts to +240 volts.—R. F., 
Hialeah, FL. 

The model TS-915F chassis has a 
focus-dropping resistor network. From 
the low end of this, they go through a 
focus control. That seems to adjust the 
picture tube screen voltages. The focus 
voltage is taken off at a fixed tap on the 
focus-dropping network. Your trouble is 
probably in the focus voltage. Check if 
the screen voltage drops very low on the 
picture tube. If so, this causes the tube to 
be cut off, the beam current drops to zero 
and the cathode voltage rises with no 
load. Make sure to check the focus volt¬ 
age. If you lose it, the raster cuts off, even 
though the high voltage is still up. 

continued on page 106 
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More information on new iit is 
avaiiabie from the manufacturers 
of items identified by a Free infor¬ 
mation number. Use the Free in¬ 
formation Card inside the back 
cover of this issue. 

REPLACEMENT COMPONENTS, Catalog 10, 
contains 6 pages crammed with over 400 originai 
Japanese iC’s, transistors, tape heads, ceramic 
filters, speciai devices and repair kits for servic¬ 
ing aii eiectronic equipment and TV sets. Each 
part is illustrated and described together with 
prices. An ideai source book for many hard-to- 
find components.—Ora Electronics, 7235 Canby 
Ave., Reseda, CA 91335. 
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POWER TOOL CATALOG is a handy 20-page 
guide for hobbyists, experimenters and iab tech¬ 
nicians, describing a wide variety of Moto-Tool 
kits, accessories and attachments that can be 
used in many hobby, woodcarving, lapidary, 
leatherwork and do-it-yourseif projects. Featured 
are a compiete multipurpose tool workshop, a 
heavy-duty tool kit with eiccessories, a tool hold¬ 
er, a drill press, plus patterns and how-to books. 
Price: $1.—Dremel Manufacturing, 4915 21st 
St., Racine, Wl 53406. 

NEW CB RULES, Plain English Rules—Citizens 
Band Radio Service, approved in August, 1970, 
by the FCC, written in question & answer format 
in plain language. Rules are listed numerically 
and include such topics as: how to apply for a 
license, what kinds of operations does a license 
cover, use of power amplifiers, how to use a CB in 
emergency situations, etc. Price: $1.25 (make 
check/money order out to Superintendent of 
Documents).—CB Handbook, Consumer Infor¬ 
mation Center, Dept. 109 F, Pueblo, CO 81009. 

HEATHKIT CATALOG, No. 841, has 96 pages 
describing hundreds of electronic kits and other 
products designed for home improvement and 
entertainment. Included among the kits are per¬ 
sonal computers, hardware/software, and floppy- 
disc systems; oscilloscopes and frequency count¬ 
ers: weather instruments: a greenhouse, etc. New 
items featured are: a 3-way linear-phase hi-fi 
speaker system; a logic probe for checking TTL/ 
CMOS digital circuits; an FM intercom; a hand¬ 
held aircraft navigation computer; and two mo¬ 
bile FM amplifiers.—Heath Co., Benton Harbor, 
Ml 49022. 
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WORKSHOP/HOME TOOL CATALOG, 56 illus¬ 
trated pages showing hundreds of tools and 
products for workshop, craft and hobby, home 
improvement, automotive, kitchen and outdoor 
applications. Among some of the items described 
are chisels, drill bits, pliers, glass cutters, screen 
repair kits, soldering aids, a drill press, center 
punch, planes, senders and many more. A handy 
order form is enclosed.—Consumers Bargain 
Corp., 109 Wheeler Ave., Pleasantville, NY 
10570. R-E 
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3. New low-mass 
magnet assembly 


In the tiny world of the stereo car¬ 
tridge, microscopic differences in dimen¬ 
sions are all-important. Which is why 
the extremely low moving mass of the 
new AT15SS is a major achievement in 
stereo technology. 

Our new stylus, for instance, is the 
smallest whole diamond used in series 
production, known to us. In cross- 
section, it’s 36% smaller than our best 
previous model. It is also nude-mounted 
to further reduce mass at the record 
surface. And the square-shank design 
insures exact alignment with groove 
modulations. 

All this is so small you’ll need a 
microscope like the one above used by 
many A-T dealers to see the details. 

If you look very closely you’ll also see 
we’ve slightly revised the contour of the 
Shibata tip. The combination of mini¬ 
mum mass and new contour which we 
call Shibata-t- offers outstanding stereo 
reproduction, esp^ially of the latest 
high level recordings. 

But there’s more. Extremely lovv dis¬ 
tortion results from a new ultra-rigid 


Beryllium cantilever which transmits 
stylus movement without flexing. And 
flatter response plus better tracking is 
achieved by a new method of mounting 
our tiny Dual Magnets to further 
minimize moving mass. 

Four tiny differences, yes. But listen 
to the new AT15SS or the hand-selected 
AT20SS for ultra-critical listening. You’ll 
find out that less IS more. At your 
Audio-Technica dealer now. 

Note; If you own a current AT15SS or AT20SLa, 
you can simply replace your present stylus assembly 
with a new "SS" stylus assembly to bring your 
phono system up to date. 



audio-technica. 

INNOVATION □ PRECISION □ INTEGRITY 


AUDIO-TECHNICA U.S., INC., Dept. 39EG-2, 33 Shiawassee Avenue, Faltlawn, Ohio 44313 
CIRCLE 2 ON FREE INFORMATION CARD 


103 

















STRING SYNTHESIZER 

continued from page 75 


There are three points where each tone 
block differs from the others. These 
points are the coded markings for the 
connections to coded points on the key¬ 
board. There are thirty-seven terminals 
marked 1 to 37 which connect to corre¬ 
spondingly marked (K1 to K37) on the 
tone blocks. Terminal pads Kl, K13 and 
K25 are on the C tone block as you can 
see in Figs. 2 and 12. Terminal pad mark¬ 
ings for the twelve keys are, reading left 
to right from the component side of the 
boards: 

Tone Block 

C 
B 

A* 

A 
G* 

G 


D* 

D 

C* 


Pad Markings 

K1, K13, K25 
K12, K24, K36 
K11, K23, K35 
K10, K22. K34 
K9, K21. K33 
K8. K20, K32 
K7, K19, K31 
K6, K18, K30 
K5, K17, K29 
K4, K16, K28 
K3. K15, K27 
K2, K14, K26 


Figures 14 and 15 are foil pattern and 
parts layout for the 1550C board. Figure 
16 is the foil pattern for the 1550LED 
board that is mounted on the shaft of 
R58, the MODULATION RATE Control. Fig¬ 
ure 17 shows the component location. 


g 


g 
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HOLD IT! 

Anywhere 
want it. 


PanaVise tilts, turns, rotates. 
One quick turn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electronic 
parts and P. C. boards. 

Whether you're into building 
home electronics, trouble 
shooting, or professional serv¬ 
icing ... you'll wonder how 
you got along without this mod¬ 
estly priced 'extra hand.' 

Model 396 Wide Opening PanaVise 
shown. An ingenious variety of other 
interchangeable bases, holders and 
accessories also available. See your 
electronics distributor, or write 
r FREE brochure. 

[F]»yisEs 


The board is mounted with the foil side 
facing the body of R58 and away from 
the rear surface of the control panel. The 
three LED’s are mounted from the com- 
ptonent side of the LED board. The resis¬ 
tors and all other connections are tack- 
soldered to the foil on the etched side of 
the board. Note that the flat side of the 
LED casing identifies the cathode lead 
which corresponds to the negative mark¬ 
ings on the placement diagram. 




NOTE: SEE FIGS 18 AND 19 

FOR CONNECTIONS TO • 

LED BOARD 


FIG. 17—PARTS PLACEMENT on the led board. 
Note the LEO'S are on the component side; the 
resistors are tacked to foil side of board. 

Figure 18 shows the positioning of the 
controls on the panel along with intercon¬ 
nections between the various compo¬ 
nents. The connections shown should be 
made before adding the connections from 
the control panel to the PC boards as 
shown in Fig. 19. Note that the first on¬ 
board connections have been deleted for 
clarity. The coding at the end of each lead 
indicates the point of origin of that lead. 
The letters in parenthesis denote the 
board from which the wire originates. Be 
sure to use shielded cable or small-diame¬ 
ter coax where indicated in Fig. 19. 

continued on page 108 
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THE COMPLETE HANDBOOK OF VIDEOCAS¬ 
SETTE RECORDERS, by Harry Kybelf. TAB 
Books, Blue Ridge Summit, PA 17214. 280 pp. 
5V< X 8'/: in. Hardcover $9.95. 

Written in easy nontechnical language, this 
book tells students, educators and Industrial 
users of videocassette and closed-circuit TV sys¬ 
tems how to operate and maintain these systems. 
The book is divided Into two sections: the first 
deals with operation and practical examples of 
copying, editing and close-to-broadcast situa¬ 
tions; the second section concerns itself with the 
simple care and maintenance required by a mod¬ 
ern TV system using cassettes. 

USING DIGITAL AND ANALOG INTEGRATED 
CIRCUITS, by L. W. Shacklette and H. A. Ash¬ 
worth. Prentice-Hall, Inc., Englewood Cliffs, NJ 
07632. 305 pp. 6 X 9 in. Softcover $10.95. 

This book, which Is geared to scientists and 
technicians, is an illustrated guide to digital and 
analog IC’s, with the emphasis on practical appli¬ 
cation. The text contains many “do-it-yourself” 
lab exercises and projects. TTL and COS/MOS 
circuits are covered in the section on digital IC’s; 
only inexpensive series 300 and series 700 op 
amps and series 7400 TTL and series 4000 COS/ 
MOS circuits are used. Appendixes include a 
section on equipment and supplies, data sheets, 
references, a logic probe, regulated 1C power 
supplies and a glossary. 

DBUG: An 8080 Interpretive Debugger, by 
Christopher A. Titus and Jonathan A. Titus. E&L 
Instruments, Inc., 61 First St., Derby, CT 06418. 
100 pp. 9 X 6 in. Softcover, $5.00. 

This first of the Bugbook series on microcom¬ 
puter assembly language programming can be 
used to enter and single-step a program instruc- 
tion-by-instruction. Data and program steps 
stored in RAM can be entered and changed using 
the breakpoint feature to observe the effect of an 
instruction on the microprocessor’s internal reg¬ 
isters. One complete instruction is stepped- 
through regardless of the number of cycles. 

The I/O routines were written tor reading and 
punching paper tape with a teletypewriter, but 
can be easiiy adapted for use with magnetic tape 
cassettes or CRT terminals. Two complete DBUG 
listings are contained in the appendixes—one in 
octal code, the other in hexadecimal format. 


8080A/8085 ASSEMBLY LANGUAGE PRO¬ 
GRAMMING, by Lance A. Leventhal. Osborne & 
Associates, Inc., P.d. Box 2036, Berkeley, CA 
94710. 439 pp. 5V. X 8 in. Softcover, $7.50. 

Although there are many textbooks that deal 
with the principles and uses of BASIC program 
language, assembly language programming has 
had no such accompanying text—this book fills 
that gap. It is a primer that is geared to those with 
a computer background but with little or no 
knowledge of assembly language programming. 
However, it can also be used as reference materi¬ 
al by those who are already familiar with this type 
of programming. Chapter 1, which is a general 


Chapter 3 deals with the 8080A and 8085 instruc¬ 
tion sets; and other chapters examine simple 
programs, loops, character-coded data and data 
conversion, subroutines and interrupts, and de¬ 
bugging. Chapter 16 outlines two sample pro¬ 
jects. 


How 

do you really use a 
multimeter? 



Usually at your bench, in the shop, 
shared with others. And, if it’s a Fluke 
multimeter, you use it with confidence. 

Now you can carry that same bench 
precision on the job. Introducing the 
new Fluke 8020A DMM for only $169. 

This rugged beauty packs more field- 
valuable features than any other DMM 
available, at any price. And that means 
field versatility when you need it most. 

'The 8020A has six resistance ranges, 
including a 20 megohm range for those 
special high-resistance TV components. 
Plus, you can measure focus dividers, 
pcb and capacitor leakage clear up to 
10,000 megohms with the new conduct¬ 
ance function. And conductance allows 
you to measure transistor beta—unique 


with the 8020A. 

Ever damaged your meter in the fly¬ 
back circuit? Rest easy. The 8020A is 
MOV-protected to 6000V against hid¬ 
den spikes and transients. 

Your 8020A comes with a full-year 
warranty, with worldwide service back¬ 
up. Regardless of what happens to it, 
we’ll fix it inexpensively and quickly, 
making the 8020A a truly cost-effective 
investment. 
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SERVICE QUESTIONS 

continued from page 102 

FOCUS PROBLEM 
Too much focus voltage is the problem 
in this Zenith 19EC4S; 7500 to 8500 volts. 
The picture tube is OK, and I’ve checked 
and subbed everything I can think of in 
the high-voltage circuit, except the high- 
voltage tripier. Do you think this is the 
cause?—C. H., Ode, MO. 

“Yes!” 

SHORT-LIFE TUBES 
This Sears model 9180 has frequent 
failures of the 6A W8 video-amplifier tube. 
The first time this happened, the video 
was weak; so I changed the 6A W8 tube 


and It worked. Three weeks later the 
6A W8 tube was bad again. I was out of 
6A W8’a, so I tried a 6LF8. The set worked 
for three months, then it came back again 
with a bad 6JE6. The video was still OK. 
The 6LF8 tube isn’t listed as a substitute 
for the 6A W8 in the substitution manual. 
So I put the 6A W8 tube back in the set. 
Three weeks later, the same problem 
occurredi This time I put a 6LF8 tube in it 
and it’s still working. Incidentally, all DC 
voltages around this stage are very dose 
to specifications. What do you think is 
wrong?—W. S., Hillsboro, MO. 

I wish you hadn’t asked! The only half¬ 
way logical explanation I can see is a bad 
run of 6AW8 tubes. I recall that some 
time ago we ran into similar problems 


with 6AW8’s. They finally cleared up. I 
do not understand why the 6LF8 tube 
isn’t listed as a substitute; it’s about as 
close to a 6AW8 tube as possible. 

GUNS MOUNTED VERTICALLY 
A man who rebuilds picture tubes tried 
to sell me a rebuilt in-line, GE Portacolor 
lube. I noticed the three guns were 
mounted vertically! So, I wouldn’t buy it. 
He said the vertical mounting would 
make no difference. Was I correct?— 
E.M.I., Mexico City. 

Yes, indeed! 

BLANKING PROBLEM 
The raster in this GE model 19JA chas¬ 
sis is very odd-shapedi The upper third is 
blanked out—on a line from the top right- 
hand corner to the middle of the left-hand 
side! You suggested checking the blank¬ 
ing circuits. I found that if I disconnected 
H190 (which feeds collector of blanker 
transistor 0112) the raster filled out and 
the picture was fine. I found later that I 
could disconnect C164, 1.0 mF (this feeds 
the blanking into the base of the video 
output) with the same result. Now, I don’t 
know where I am.—R. R., Waring, TX. 

Both of these parts will disable blanker 
transistor Q112. Therefore, your problem 
is in the blanking. Since these parts are 
good, the most likely cause of your trou¬ 
ble is a leaky blanker transistor (Q112). 

continued on page 134 
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One Call. 

Your Mallory distributor's 
got them all. 

Take the search and wait out of your 
electronic parts finding. 

Go straight to your Mallory distributor, 
by phone or in person. 

Get to know the convenience and econ¬ 
omy of simplified single-source buying. To 


deliver exactly what you want in parts, 
quality, and quantity. Immediately from 
stock on hand, or in most cases within 24 
hours from the factory. 

Your Mallory distributor goes all out for 
his Number 1 VIP ... you. Get in touch with 
him soon. Mallory Distributor Products 
Company, a division of P. R. Mallory & Co. 
Inc., Box 1284, Indianapolis, Indiana 46206. 
(317) 856-3731. 
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PTC semiconductors 
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Put Professional Knowledge and a 

COLLEGE DEGREE 


in your Electronics Career through 



by correspondence, while continuing your 
present job. No commuting to class. Study 
at your own pace. Learn from complete and 
explicit lesson materials, with additional 
assistance from our home-study instructors. 
Advance as fast as you wish, but take all the 
time you need to master each topic. Profit 
from, and enjoy, the advantages of directed 
M but self-paced home study, 
y The Grantham electronics degree pro- 
O gram begins with basics, leads first to the 
^ A.S.E.T. degree, and then to the B.S.E.T. 
O degree. Our free bulletin gives complete 
_i details of the program itself, the degrees 
1 awarded, the requirements for each degree, 
2 and how to enroll. Write for Bulletin R-79. 

Grantham College of Engineering 
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STRING SYNTHESIZER 

continued from page 104 


Putting it all together 

The assembly of the 12 chromatic tone 
generator blocks involves a lot of repeti¬ 
tive assembly work. Be forewarned that 
it’s boring during this stage of assembly, 
and remember to get up and take a break 
when you feel yourself getting tired. 
Attention to detail will save a lot of trou¬ 
bleshooting in the final stages. Second, 
notice that there are a lot of CMOS IC’s 
used in this instrument. Thus, remember 
to use handling precautions with the IC’s. 
Store them in conductive foam or tinfoil; 
don’t wear synthetic materials (nylon, 
rayon, etc); use a grounded or DC sol¬ 
dering iron if possible, or let your stan¬ 
dard iron warm up before unplugging and 
then solder a few IC’s while the iron is 
still warm. Alternatively, use sockets on 
the IC’s to help eliminate much of the 
handling. Observe orientation markings 
on all IC’s and the many diodes required 
for this circuit. 

There are seven bare-wire jumpers in 
each tone block on the 1550A and 1550B 
circuit boards, and fourteen jumpers on 
the 1550C board. In each tone block, the 
input signal comes from the appropriate 
tone output of the top octave generator 
IC7 on the 1550A board. These connec¬ 
tions should be made with insulated wire. 
Note that the A and B boards are 
designed to be “stacked” over each other. 
The B board is mounted above the A 
board using No. 4 X 1-inch or I'A-inch 
machine screws and V4-inch spacers. 
Once these boards are sandwiched, the 
connections from the inputs of the 6 tone 
blocks on the B board can be connected to 
the appropriate tone outputs of IC7. 
Also, there are 10 buses that run the 
length of each board. Short insulated 
jumpers are used to tie the B-board buses 
to similar points on the A board. The 
duplicate holes on the A board are then 
used to make the connections to various 
points on the front panel and C board. 
The four audio signal buses should have 
their connections made with shielded 
wire to avoid noise pickup (MVH, MVL, 
MCH, MCL). 

On the 1550C board the CMOS and 
semiconductor soldering precautions still 
apply. The two voltage regulators 
mounted on this board have small clip-on 
heat sinks (Thermalloy 6043 or similar) 
to aid in heat dissipation. 

In addition to five jacks, eight controls, 
and two switches, the front panel should 
serve as mounting for RlOl, R119, R50, 
R129, R51, R53, and R57. The small 
1550LED board will hold R119 and R50 
in addition to the three LED’s. This 
board is mounted on the shaft of R58 and 
positioned to allow the LED’s to protrude 
through front panel holes. See Figs. 17, 
18 and 19. 

In preparing the organ keyboard, note 


PARTS LIST FOR MAIN AND 
HIGHEST C TONE GENERATORS 
Resistors, 'A watt, 10% or better 

R37—1000 ohms 

R38, R39, R42, R44, R47—10,000 ohms 
R40, R57—100,000 ohms 
R41, R50—2200 ohms 
R45, R46—220,000 ohms 
R48—1800 ohms 

R49, R52, R54-R56—5000 ohms pot 

R51-R53—4700 ohms 

CIO, Cl 1—10 mF, 10 volts electrolytic 

C12—33 #tF, 10 volts electrolytic 

C13—47 pF disc 

C14—.01 mF disc 

C15—.05 MFdisc 

D44-D54—1N914 or 1N4148 diode 

D55, D56, D61-TIL209B LED 

IC5-4013 dual flip-flop 

IC6—4011 quad nano gate 

IC7—MK50240 top-octave generator 

S2-SPDT switch 

J1, J2—closed-circuit jack 


that two switch buses are required. In 
each case there should be a common bus 
running the length of the keyboard. One 
set of switches on each note provides for 
37 independent terminals to contact a 
main bus rod. The other set of switches 
are all common, such that ANY key being 
pressed will cause a switch closure be¬ 
tween the second “trigger” bus and a 
38th terminal. The trigger bus is used to 
enable the output noise gate and gate trig¬ 
ger, and connects to board C at points G 
and H. The individual key outputs are 
connected to the proper tone blocks of the 
A and B boards. The bus associated with 
these key outputs is connected to +\. 

Testing and calibration 

After completing assembly, double 
check for cold solder joints, loose wire 
clippings and so on. Apply power and 
look for a pulsing rate LED and one of 
the split select LED’s as a power indica¬ 
tor. Check the voltages on the C board at 
points “-LV” and “—V.” These should 
be about ±10 or 11 volts. The actual 
voltage is not as important here as the fact 
that it is regulated. Resistors R131 and 
R134 should give a voltage variation of 
about 1 or 2 volts. Set these trimmers to 
midpoint and proceed. 

Connect the Mix output to a standard 
guitar or hi-fi amplifier. Set all controls 
to midrange except piano, which should 
be at minimum. Playing a few notes on 
the keyboard should now yield a reedy 
organ-type tone. Adjust bias trimmer 
R66 on the C board. At one point during 
the rotation, you should notice a consid¬ 
erably fuller sound as the chorusing cir¬ 
cuits come into bias and add another two 
voices to the overall sound. Set R66 for 
the center of the “fullness” area and 
proceed. 

The four trimmers near IC8 and IC9 
on the C board are primarily for the 
perfectionists among us. If you do not 
have access to a scope, set R68, R73, R78 
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with the terms they depict—and clearly 
captioned for quick understanding. 

• CROSS-REFERENCED to aid you in 
locating those terms which you might 
look for in more than one place. Ex¬ 
ample: When looking up "Esaki diode" 
you’ll be referred to "tunnel diode" 
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• A newly-revised list of SEMI-CONDUC¬ 
TOR SYMBOLS AND ABBREVIATIONS 
for use in semiconductor device data 
sheets and specifications. 

•Clearly-illustrated SCHEMATIC 
SYMBOLS. 

• GREEK ALPHABET. A special table 
lists the letters along with technical 
terms for which these letters are used 
as symbols (Name and Designates). 

819 Pages of crystal-clear definitions. 
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PARTS LIST FOR MiXtNG AND 
CHORUSING CIRCUIT 




FIG. 19—ON-BOARD CONNECTIONS eliminated eo you can clearly see interconnactiona. Lettari in 
paranthasia deaignata deatination PC board. 


and R83 to mid-rotation and proceed. 
These trimmers are used to balance the 
outputs of the delay lines, a process which 
minimizes distortion and clock feed¬ 
through. To set these trimmers, view the 
signal at the wiper of the trimmer. At 
either end of the trimmer’s rotation, you 
will see two representations of the audio 
signal, each riding at a different DC level, 
w Near the middle of the trimmer’s rota- 
2 tion, the two signals will converge and 
O appear as one. This is the correct setting. 
K Repeat the procedure for the remaining 
u three trimmers. 

IV The final trimmer on the C board is the 
Q RATIO trimmer, R116. This adjustment is 
< interactive, and best made over a period 
“■ of time to allow optimum adjustment for 
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all applications and environments. In or¬ 
der to actually hear the effect of this 
control, a small clip lead should be used 
to jumper point G to +V. This will turn 
on the output noise gate without having 
any keyboard signal present. You will 
hear two noises. One is a hissing due to 
the clocking and switching occurring in 
the delay lines. This is normal and easily 
masked when keyboard tones are present. 
The second noise will be a periodic pop¬ 
ping or ticking. This is actually an audio 
beat frequency which is caused by the 
two high-frequency clocking oscillators 
that are being independently modulated 
for the chorusing effect. If the ratio 
between these two oscillators is just right, 
the beat frequencies dip into the audio 


Resistors 'h watt, 10% or better 

R61 —R65. R70, R76, R78, R80, R88, R91. 
R94, R100, R104, R107, R110, R113, 
R122, R127—10,000 ohms 
R66—50,000 ohms trimmer pot 
R67, R72, R77, R82, R103—10 ohms 
R69, R74, R79, R84—2700 ohms 
R71, R81, R86—22,000 ohms 
R87, R88, R97, R99, R105, R108, R111, 
R114, R120, R123, R128—100,000 ohms 
R89, R90, R92, R93, R96, R106, R109, 
R112, R115—1000 ohms 
R95—270,000 ohms 
R102—100 ohms 

R117, R118, R124, R125—4700 ohms 
R121—15,000 ohms 
R126—8200 ohms 
R130, R132, R133, R135—470 ohms 
R68, R73, R78, R83, R116—1000 ohms 
trimmer pot 

R131, R134—1000 ohms trimmer pot 

Capacitors, electrolytic, 10 volts or 
greater unless otherwise noted 

C16-C19, C24, C29, C32, C36, C37, C38, 
C40—1 mF 

C46, C49, C50, C55—10 nf 
C51, C52, C56, C57—5 iiF 

Capacitors, disc ceramic unless 
otherwise noted 

C20-500 nF 
C21,C41—O.ImF 

C22, C26, C30, C34, C42, C43—.05 mF 
C23, C25, C27, C31, C33, C35, C45, C48, 
C54, C59-.001 mF 
C39—0.1 mF Mylar 
C44, C47—100 pF 


Semiconductors 
Q1-Q3. Q5—2N5139 
Q4—2N5129 

IC8, IC9—SAD-1024 delay line 
IC10—4136 quad op-amp 
IC11—CD3080 transconductance 
amplifier 

IC12—4013 dual flip-flop 
IC13-IC16—NE566 VCO 


passband. Slight adjustment of R116 will 
shift the frequencies of the VCO’s in an 
inverse proportion. Listen for the quietest 
point and leave the trimmer. Note that 
this adjustment may need to be altered 
after about 20 hours of operation. This is 
due to the aging of components which 
may cause slight changes in values and 
slight changes of frequencies, etc. The 
power supply trimmers, R134 and R131, 
are interactive with the ratio trimmer. If 
you have trouble finding a quiet spot 
along the rotation of R116, the power 
supply voltages can be shifted very slight¬ 
ly to throw the ratio trimmer into a 
whole new range. However, in most cases, 
the voltage trimmers may be left at mid¬ 
point. 

At this point you are ready to experi¬ 
ment with the front panel controls, and 
begin experiencing the versatility they 
offer. R-E 























Surprised? Don’t be. Because 
today, Ungar has one of the broad¬ 
est, most complete lines of sol¬ 
dering and desoldering equipment 
and accessories in the business. 
Product by product, you’ll find 
application-oriented designs that 
let you neatly handle any job that 
may come along. 

Take, for example, the 
Ungar soldering irons. Modularly 
designed to give you a complete 
choice of handles, heaters and 
tips. You get the versatility you 
need. And fast, easy, economical 
on-line replacements. Plus, the 


right tool for every job —micro¬ 
electronics, bench or field service, 
repairs of energized circuits, 
compatibility with sensitive 
components. 

Or consider Hot Vac® 2000. 

A revolutionary new design in 
desoldering tools. Lightweight. 
Pistol-grip. Easy to clean. Extra 
long life tips. And try our versatile, 
lightweight Heat Gun on your 
assemblies and repairs. 

There’s an Ungar tool for 



special jobs too. Like our highly 
sophisticated Ungarmatic® 
Soldering Station. And special kits 
for desoldering DIPs and ICs. 

The point is, where there’s 
solder, there’s Ungar. Tools and 
accessories that let you handle 
every job. Drop us a line and we’ll 
send you our new catalog. It’s 
free. And it includes everything 
you need for successful soldering. 
Except the solder. For our com¬ 
plete catalog, write to Ungar, 
Division of Eldon Industries, Inc., 
RO. Box 6005, Compton, CA 
90220 (213)774-5950. 


The Only 

Thing We Don’t Make 
is The S<dder. 
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Try this exciting 
new hobby! Bund 

your own electronic concert 
organ. It's easy. No technical 
knowledge required. Just 
follow the clearly .pictured 
instructions of the famous 
Wersi do-it-yourself system. 
Choose from seven different 
models. Send $2.00 
(refundable) with coupon for 
colorful 104 page catalog. 

CDI1IER5I 


communications products 


More information on communications products is availabie 
from manufacturers of items identified by a Free information 
number. Free information Card is inside the back cover. 
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Aud io—Computers 
Instruments 
Kits & Assembled 



CENTER-LOADED CB ANTENNA, Enterprise, 
features a built-in PC board as the center-loading 
coil sealed inside a tough weather- and tempera¬ 
ture-proof plastic shell. The antenna has a tunea¬ 
ble bandwidth to SWR 1.5:1 on Channels 1 and 
40. with a drop to 1:1 in the center. The Enter¬ 
prise antenna is 40 inches long; its upper rod is 
made of stainless steel, the lower shaft of black- 
anodized aluminum bonded to a chrome-plated 
brass ferrule that is rust-retardant and corrosion- 
proof. List price for the Enterprise is $16. 



Also available are the models 521SS, 522SS, 
523SS and 524SS, all featuring the Enterprise 
antenna with various mounts. The mode! 521SS 
includes antenna, the model 101 mirror mount, 
cable and connector. The model 522SS is a 
double kit with two antennas, mirror mounts, co¬ 
phase harness and connector. The model 523SS 
contains antenna, the model 114 trunk mount, 
hardware, miniconnector, cable and connector. 
The model S24SS kit includes antenna, the model 
301 magnet mount, cable and connector. Retail 
prices: model 521SS, $26; model 522SS, $50; 
model 523SS, $27; model 524SS, $30.—Valor 
Enterprises, Inc., 185 W. Hamilton St., West 
Milton, OH 45383. 

SCANNING MONITOR RECEIVER, model PRO- 
2001, uses microprocessor technology to scan 16 
programmed channels; digital keyboard enters 
up to 16,560 frequencies. Six-band capability 
ranges from 30-50 MHz (low VHP) and 470-512 
MHz (high UHF). The unit features Zeromatic 
tuning with crystal and ceramic filters, variable 
squelch, automatic/manual scan, scan-delay. 
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Channel lockout, high-speed skipper circuit, 
speaker and input jacks. Power requirements are 
120 VAC or 12 VDC, and cables and mobile 
mounting bracket are included. The model PRO- 
2001 measures 3% X lOVie X lOVn inches and 
sells for $399.95.—Radio Shack, 1400 One Tan¬ 
dy Center, Fort Worth, TX 76102. 

SIGNAL STRENGTH INDICATOR, Signal Hunter 
Digital S-Meter, is designed to operate with either 
a CB base station or mobile transceiver, and can 
be used in conjunction with or replace a standard 
S-meter. 

A 3-diglt LED readout provides highly visible 
displays to 1/10 of an S-unit, with signals greater 
than S9 displayed in dB. Controls include built-in 
on-off switch and calibration control. Power is 
supplied by 12 VDC; the unit measures 10.8 cm W 
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X 3.8 cm D X 4.6 cm H, and comes with a 
magnetic mount. Price: $49.95 plus $2 post¬ 
age.—Digi-Comm, Suite 110, 720 Ste. Catherine 
St. West, Montreal, Canada H3B 1B9. 

COMMUNICATIONS RECEIVER, model FRG- 
7000, has a frequency range from .25 kHz to 29.9 
MHz on SSB, AM and CW (code) modes. Specifi¬ 
cations include: Sensitivity—SSB/CW, better 
than 0.7 rM for 10-dB S/N ratio, and for AM, 
better than 2 jrV for 10-dB S/N; drift is less than 
±500 Hz; audio output Is 2 watts. Operates at 
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MORSE CODE TRANSCEIVER, model MRS-100, 
comes as a partial kit, full kit or assembled and is 
designed around a microprocessor to generate 
signals using ASCII or Baudot terminals. 

On-chip 2048-byte ROM contains Send and 
Copy modes, plus software UART and 4-MHz 
crystal for generating timing signals. Copy mode 
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For 

faster 

service 

USE 

ZIP 

CODE 


provides automatic sync from 1 to 150 words- 
per-minute while the machine is continuously 
computing and displaying the corresponding 
WPM value. Send mode controls output from 1 to 
150 words-per-minute. 

Also included Is a special RTTY Emulate mode 
to transmit 60-character ASCII subset using stan¬ 
dard Morse code plus “new” codes defined by 
special symbols and control characters (line feed, 
space, etc.) Applications include military, ama¬ 
teur and some commercial communications sys¬ 
tems. Suggested retail prices: for the partial kit, 
$95; full kit, $225; factory assembled, $295.— 
Xitex Corp., 13628 Neutron, Dallas, TX 75240. 



Going dotty over the 
quality of your printing? 

Be SELECTRIC® in the future. 

Any microcomputer can interface with any model 
IBM SELECTBIC® 

Prices* S-100 $496.00 

ParaUel $525.00 
RS-232 $549.00 

IEEE-488 $560.00 

All prices include mechanical assembly, elec¬ 
tronics, cables and manuals. 

Units tested and assembled. 

•Prices valid in USA only. 



Escon Products, Inc. 

171 Mayhew Way, Suite 204, 
Pleasant Hill, CA 94523 
(415) 935-4590 



The SwitchBoard'“ interface provides 4 
parallel ports and 2 RS232/TTY serial ports. 
Plus strobe and attention ports. Plus, on¬ 
board facilities for 4K of optional static 
RAM and 4K of user-supplied EPROM 
(sockets provided). 


And every port is switch-programmable 
for total flexibility in interfacing complex 
peripherals . . . such as 12-bit daisywheel 
printers. 

In kit form, it's just $199. $259 assem¬ 
bled. 2114 4K static RAM option $70. 


A product of Morrot 


thinker 

’■ 1201 10th St., 

lOyS Berkeley, CA 94710 
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Get the inside story*^ 

on software, hardware, simulations, computer games, robotics, 
computers and calculators, languages and compilers, custom 
systems design and scores _■ 

Head BYTE* 


BYTE, the leading magazine in the 
personal computer field, will keep you 
aware of fast-paced changes in the 
ever growing world of microproces¬ 
sors. you’ll find BYTE tutorials invalu¬ 
able, reports on home computer 
applications instructive, and the re¬ 
views of computer products stimulating. 
Tutorial information in BYTE is of 
interest to both the beginner and 
experienced computer user. BYTE's 
editorial content explores the fun of 
using and applying computers for 
personal satisfaction in activities from 
electronic music to electronic mail. 


from games to pragmatic personal 
business. In BYTE is found authori¬ 
tative yet easily read coverage of 
principles of computer hardware 
and software design, approaches to 
novel applications, and essentials of 
proven interest to personal computer 
enthusiasts. 

Each month serious computer users 
read BYTE. They're rewarded with 
timely articles by professionals, 
computer scientists and competent 
amateurs. Isn’t it time you got the in¬ 
side story? Subscribe now to BYTE, 
the Small Systems Journal. 


e'Cancei'onthe inv 


BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08B36 
Please enter my subscription for 

□ One year $15 (12 issues) □ Two years $27 □ Three years $39 


City State/Provrnce/Country Code 

Foreisn Rates (To expedite service, please remit in U.S. Funds) 

□ pnada or Mexico □ One year $17,50 □ Two years $32 □ Three years $46.50 


METAL TAPE PLAYER 

continued from page 86 


ELCETRONICS 

P.O. B0X2S22R 

PADUCAH, KY. 42001 Ph.502/442-7940 ^ 


ELCETRONICS 

LOGIC PROBE 


DOES IT 
ALL! 

• ALL MODE 
ADAPTABILITY 

• FULL 

INSTRUCTIONS 


POLARITY 


PROTECTED 


NO OTHER 


EQUIPMENT 


FEATURES; 
HI/LO 
PULSE (SONS) 
SHORT OR OPEN 
MEMORY DETECTION 
3 FOOT CORD 
NO QUESTIONS • 
GUARANTEE 
IMMEDIATE SHIPMENT • 

KIT»14^ 


then be played back o 
cassette deciu. 


existing Dolby 


FIG. 9—RECORD/PLAYBACK RESPONSE of 
Nakamichi’s prototype model 1000 II ZX caa- 
•ette deck using type ZX metal-particle tape. 

Nakamichi prepared a diagram (see 
Fig. 8) that compares the advantages of 
an additional 10-dB of noise reduction. 
Figure 8 shows that a 400-Hz signal 
recorded at -30 dB (0-dB reference = 
200 nanoWebers-per-meter) without 
benefit of any noise reduction is virtually 
buried in modulated noise. With 10-dB of 
noise reduction, the identical signal is 
considerably improved, while with a full 
20-dB of noise reduction, the signal 
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almost resembles the original source sig¬ 
nal waveform shown in the top portion of 
Fig. 8. 

Table 1 is a reproduction of Nakami- 
chi’s compilation of dynamic range com¬ 
parisons. The left-hand column shows the 
dynamic range that can be achieved at 
various frequencies using Nakamichi’s 
highest-quality deck, using the Dolby-B 
system and the company’s SX tape (simi¬ 
lar to TDK Type SA and Maxell type 
UD-XL-II). The column labeled “ZX/ 
Telefunken” shows the dynamic range 
achievable at the same frequencies using 
a metal-alloy tape plus the proposed Tele¬ 
funken 20-dB noise-reduction system. 
The right-hand column shows a net im¬ 
provement iir dynamic range at each 
listed frequency. The vast improvement 
indicated suggests that perhaps we should 
take a second look at whether or not there 
is a real need for home digital tape 
recording at the present time. 

Figure 9 represents the record-play¬ 
back response and noise characteristics of 
the Nakamichi 1000 II ZX prototype 
machine using ZX formulation metal- 
particle tape and the built-in Telefunken 
noise-reduction system. Compare these 
results with what you can presently 
achieve on your own cassette deck (even a 
fairly expensive, high-quality model) and 
you will have to admit that the future 
looks bright for the recordist whose 
favorite medium is the cassette. R-E 


For 

faster 

service 

USE 

ZIP 

CODE 

on 

all 

mail 


Our new test 
equipment 
ca^og* Free! 


With this catalog you can hrowse through one of the 
nation’s largest electronics warehouses, packed floor to 
ceiling with the finest test instruments. Everything 
prohes to dual trace scopes; and everything at sensational 
savings made possible only by mail order selling. Volume 
pricing on orders over $500 gives you even greater 

^ savings. Every item is 
backed by a big brand 
name. Shipment is prompt 
from stock, always 
freight prepaid and there 
never is a handling 
charge on orders over 
, $200. Write today for the 

\ big free catalog of the 
1 big brands that offers 
\ you the big savings. 


,, .__ _ ^ 1468 West 25th Street 

1 iSrIV^I ELECIRONICS Cleveland, Ohio 44113 

I Vfwl ftend me vour bia cataloa. 






' phone (21 ^ 

_ outside of Calilornla Is 800-423-5659 
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VECTOR 

PACKAGING MATERIALS 
SAVE TIME 8s MONEY 


S100 CARDS-100 PLUG CONTACTS-Convenient universal 
tinned pads and bus lines. For interface, memory expansion, 
breadboarding. Mount almost anything anywhere on card. 


Card guides perpendicular to front panel, Model VP1, $163.00. 
Card guides parallel to front panel. Model VP2, $159.00. 
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AUDIO TEST STATION 

continued from page 83 


centerpoint. When this is accomplished, 
R4 (with S9 in the manual mode) will 
produce the same sweep as the triangle 
timebase did with switch S9 in the sweep 
mode. 

Set S9 to MANUAL. 

Sweep the horizontal amplifier of the 
scope by running R4 thru its full travel. 
Be sure that when R4 is at its end-points, 
the beam rests on an end vertical line on 
the CRT graticule. 

Switch SI2 to LINEAR. 

Set R4 to zero. 

Adjust Rll for the desired center 
frequency. 

Move R4 to its lowest position. 

Set RIO for the desired low-frequency 
limit. 

Move R4 to its upper position. Check 
for desired high-frequency limits. Several 
adjustments of RIO and Rll may be 
necessary. 

Adjust R9 to its low frequency and 
then back off three turns. 

Run R4 thru its full travel. Watch the 
beam as it moves horizontally across the 
scope and stop at each centimeter mark. 
Observe the frequency of each mark. A 
perfect log sweep would have the fre- 

^ Adjust R401 and R403 for best fit with 


be able to occasionally look at the wave¬ 
form at the output of IC501 as was done 
when the first approximate adjustments 
of R401 and R403 were made. This is 
because it is easy to grossly misadjust 
R401 or R403. Looking at the output 
waveform out of IC501 provides a close 
approximation from which to perform 
final adjustments. 

With S9 on SWEEP, run R4 on its 


lowest position. Set the desired lov 
frequency end-point by using R9. 

Move R4 to its upper position and S( 
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the upper frequency end-point using R8. 
Recheck the lower end-point. 

This wraps it up for this month. We 
still have to cover the voltmeter and 



NO W yo u cansafely plug away 
without the problems of 
overload or coming up short. 

SCLWABER® 

MULTIPLE OUTLET STRIPS 


You can do it thanks to SCL WABER*— 
the finest quality 
multiple outlet strip 
available! There are 240 
versatile models—each 
unit exceeds National 
Electrical Code standards at 
is safety tested. Ideal for 
organizing ,your work area anc . 
having extra outlets when and where 
you need them. Over 2000 electronic 
distributors carry the SCL WABER line. 
Send for your free 24 page catalog 


Electric 

INDUSTRIES, INC. 
Harvard Avenue 


...THE POWER SOURCE IN ELECTRICAL OUTLET STRIPS 
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Get every excitement-packed issue 
of Radio-Electronics delivered to 
your door. And save money, too— 
up to $18 off newsstand pricesi Use 
the handy coupon and subscribe 
todayl 

Mail to: Radio^l^rTn'icr 
I SUBSCRIPTION DEPT., P.O. BOX 2520, 

I BOULDER. COLO. 80323 (please print) 


$5.00 

ONLY $19.00 (Save Morel 


I Indicate the offer you prefer: 

I 1 Year—12 Issues ONLY $9.9 
" Off newsstand price.) 

■ 02 Years—24 issues ONLY $u.. 



A fine selection of small tools, 
measuring instruments, hard-to-find 
items for shop, home and lab. 
Convenient one-stop shopping for 
technicians, engineers, craftsmen, 
hobbyists. Major credit cards ac¬ 
cepted, satisfaction assured. Get 
your NATCAM catalog today. 


National Camera, Inc. 

NX 2000 West Union Ave., Dept. GBF 
Cngletvood CO 80110 USA 
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books 


SERVICE MANAGEMENT REFERENCE INDEX, compllad by th* Educa- 


WMt Highway, Chicago, IL 60631. 67 pp. NASM mambara prica, $3; 
nonmainbara, $4.50. 

This comprehensIvB checklist Is In looseleal form, which makes It conve¬ 
nient for use not only as a reference book, but tor later Insertion of now 
reference material. The series of alphabetically arranged checklists covers 
26 service management topics, Including Budgeting, Installation, Customer 
Relations, Labor Relations, Personnel. Technical Assistance, Warranty, etc. 
A separate three-ring looseleaf binder Is also available for $10. plus shipping 
charges. 

MICROPROCESSOR PROGRAMMING FOR COMPUTER HOBBYISTS, by 
Neill Graham. TAB Books, Blue Ridge Summit, PA 17214.378 pp. 5 X BVa 
in. Softcover, $8.95; hardcover, $12.95. 

This book contains much detailed, while simply written, Information on 
Intermediate and advanced programming and data-structure techniques. It 
Is divided Into six sections, proceeding from basic number systems to Inter¬ 
nal and external sorting methods. Topics covered are data structures, from 
simple arrays to complex multiple-linked chains for "string variables"; 
searching. Indexing and storing techniques; how to retrieve Information; an 
arithmetic-based "linear congruentlal" random-number technique for com¬ 
puter game enthusiasts. Most Important, It gives a simple direct method for 
writing programs; sample programs are Included for each technique. While 
the language used Is PL/M, there are Instructions for conversion to assem¬ 
bly code for any variety of computer. 


First St., Derby, CT 06418.143 pp. 9 X 11 in. Softcover, $9. 

This revised volume (In punched-paper format for throe-ring binder Inser¬ 
tion) was specifically designed for use with the model DO-1 DIgl-DesIgner. It 
combines a series of 26 experiments together with background data and 
exercises for a complete Introductory course In digital electronics. Thirteen 
of the experiments concern combination logic, from simple gates to a 32- 
functlon ALU (Arithmetic Logic Uilt). The next 13 experiments In sequential 
logic pass from flip-flops to counters, scalers, shift registers and decoders. 
The text contains complete diagrams on how to sot up the experiments on 
the agl-DesIgner; truth tables; and supplementary exorcises. Those exor¬ 
cises accompanying each of the twenty-six experiments provide additional 
questions and require the student to analyze and make deductions from the 
experiment he has just performed. In addition, the student Is encouraged to 
study closely related topics In references and to analyze variations In the 
basic experiment. The appendix provides discussions of Boolean algebra, 
binary and BCD notation, blnary/decimal conversion and binary arlthme- 


Thls "roll-your-own" guide to building more than 100 projects Is designed 
tor the hl-fl buff, beginner or advanced. Each project comes with a complete 
schematic wiring diagram and parts list; some projects oven have PC board 
layouts. You learn how to design circuits, create new audio power supplies, 
build amplifiers, use timer circuits, plus many more projects. Not only utility 
circuits are covered, but also those designed for entorfalnment: a party lie 
detector, toy organ, metronome, white-nolse generators, etc. The appendix 
explains resistors and capacitors, shows 1C pin connections and lists 
components supply sources. 

THE DESIGN OF OPERATIONAL AMPLIFIER CIRCUITS, WITH EXPERI¬ 
MENTS, by Howard M. Berlin. EAL Instruments, Inc., 61 First St., Derby CT 
06418. 55 pp. Softcover, $8.50. 

This latest In the Bugbook series deals with the design and operation of 
operational amplifiers, an essential electronic system building block. While 
mainly directed at the beginning experimenter or hobbyist, the book can 
also be used to supplement college lab courses. Among the topics covered 
are op-amp fundamentals; linear amplifiers; differentiators and Integrators; 
voltage and current converters; comparators; rectifiers; oscillators; active 
filters; and power supplies. A series of 35 experiments is given that can be 
performed using Inexpensive, easily obtained components and breadboard¬ 
ing aids. The mathematical derivations of op-amp closed-loop responses 
are Included In the text. R-E 


Nobody does it 
better thanvjiz 


NEW SUPPLYSTS DO 
TWO JOBS 




... cost less than other power supplies alone! 

Save money. Why buy a power supply and a volt¬ 
meter when a SUPPLYST will do both jobs. Every 
SUPPLYST is both a laboratory quality, fully regu¬ 
lated source of DC power and a dual digital volt¬ 
meter. That’s real versatility! 

As a power supply, a SUPPLYST can be set to your 
desired “voltage” and your “current limit” by con¬ 
venient panel controls. Instant pushbutton - reset. 
You can continuously monitor either voltage or cur¬ 
rent on a clear LED digital readout. 

As a voltmeter, a SUPPLYST can be used to meas¬ 
ure one or two external circuit voltages simul¬ 
taneously—even while the unit is being used as a 
power supply! 

SUPPLYSTS come with probe and one year parts 
and labor warranty. Available in four models—^to 
meet a wide range of needs. 

See your local VIZ distributor. 


Triple. Two 0-20VDC, 0-2A sup¬ 
plies; 0.40VOC (series). One 5VDC 
(0-4A) fixed supply. Two voltmeters 

WP-70e°°' $333 

m ||'7 Test Equipment Group 

^11 As 335 E. Price St., Philadelphia, PA 19144 
The VoltOhmyst company 
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John Simonton’s time -proven 
design provides two envelope 
generators VCA, VCO & VCF in 
a low cost, easy to use package. 

Use alone with its built-in ribbon 
controller or modify to use with raitar, 
electronic piano, polytonic keyboards, etc. 

The perfect introduction to electronic 
music and best of all, the Gnome is onlv 
$59.95 in easy to assemble kit form. Is it 
any wonder why we’ve sold thousands? 


I Send GNOME MICRO- SYNTHESIZER Kit 
($59.95 plus $2.00 postage) | 

I GNOME MICRO-SYNTHESIZER I 

(Fully Assembled) $100.00 plus $2 postage I 
) Send FREE CATALOG I 
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Don't cut 
yourself out 
of a career as a 
two-way radio 
technician... 

MTI offers the only training for 
professional FM two-way radio 
available. Qualified technicians 
are employed in government, in¬ 
dustry, and public service. But 
training is your key. 

You could cut out a career as 
a two-way radio technician by 
cutting out this coupon. We’ll 
send you information on how you 
can learn more about this spe¬ 
cialized field, at home. 


Name_ 

Address _ 
City_ 


MTI 


Mobile Training t 
Institute j 

Box735,CampmH.PA17011-tASJt. ! 
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Stereo ppodoets t 


More information on stereo products is avaiiabie from 
manufacturers of items identified by a Free information 
number. Free information Card is inside the back cover. 


MIKE MIXER/SOUND CONTROL FADER, mode! 
'MF6000, can be used to blend Instruments, 
control sound effects, stereo turntables, and 
blend stereo tape player with any other stereo 
source Into tape recorder or PA system. Specifi¬ 
cations: an 50,000-ohm Input Impedance, and 
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attenuations of -6 dB on maximum mike 
settings, -14 dB on either line 1 or line 2 at maxi¬ 
mum setting, and -110 dB on either channel at 
minimum setting. Suggested retail price: 
$29.95.—Numark Electronics Corp., 503 Raritan 
Center, Edison, NY 08817. 

OPEN-REEL TAPE DECK, mode! A-3440, pro¬ 
vides two speeds (15 ips and 7'/, ips), three heads 
and three motors, and features S/moZ-Sync mode 
to select channel position for overdubbing or 
recording. The model A.3440 accepts up to 10- 
Inch reels and mono headphones; an optional 
dbx Interface Is available. 
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Front-panel controls include manual cue level, 
four VU meters, mike/line input selector switches, 
four mike jacks and channel output-level con¬ 
trols. Specifications Include: wow-and-flutter. 


0.04%; S/N ratio, 65 dB; and frequency response, 
35 Hz to 22 kHz at 15 ips. 

Also available are the model A-2300SR 7-inch- 
reel tape deck and the model A-3300SR tape 
deck. Both are reversing units and feature three- 
motor transport tape, manual cueing, pushbutton 
controls, mike/line mixing, bias and equalization 
switches, and VU meters. The model A-6100 MK 
H Is a 'A-track 2-channel stereo tape deck that 
Includes a servo tension motor, timer, equaliza¬ 
tion switch, 20-dB mike attenuator and remote 
control switch. Suggested retail prices; the mode! 
A-3440, $1500; the mode! A-2300SR. $800; the 
model A-3300SR, $1050; the model A-6100 MK 
II, $1350 —TEAC Corp. of America, 7733 Tele¬ 
graph Rd., Montebello, CA 90640. 

LOUDSPEAKER SYSTEM, model L220, uses 
three low-frequency, mid-range and high-fre¬ 
quency drivers plus a passive ring radiator in a 
flat-baffle array to provide low-distortion bass 
response. The low-frequency driver is a 14-inch 
plastic-coated cone, powered by a 12-lb. mag¬ 
netic assembly and driven by a 4-inch copper 
voice coil. The 15-inch passive radiator’s high 
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compliance and large cone provide low-distortion 
response at hlgh-voiume levels. The 5-Inch mid¬ 
range driver is housed separately, mounted on a 
sub-baffle and coupled to a refracting waveguide. 
The ring radiator has a constant-area phasing 
plug and exponential horn. The loudspeaker en¬ 
closure is a black walnut veneer, and has a char¬ 
coal brown grille. Suggested retail price: $875.— 
James B. Lansing Sound, Inc., 8500 Balboa 
Blvd., Northrldge, CA 91329. R-E 
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■ Video Disc Systems 

Its been rumored for years and now 
its finally becoming a reality. Here’s a 
look at the different systems and how 
they work. 


INTERNATIONAL FM-2400CH 

FREQUBiar 
METSFOR 
TESTMG MOBILE 
IRANSMITTEIS 
ANDRECEIVBS 

• Portable • Solid State • Rechargeable Batteries 

The FM-2400CH provides an accurate frequency standard fortesting 
and adjustment of mobile transmitters and receivers at predeter¬ 
mined frequencies. 

The FM-2400CH with its extended range covers 25 to 1000 MHz. 

The frequencies can be those of the radio frequency channels of 
operation and/or the intermediate frequencies of the receiver be¬ 
tween 5 MHz and 40 MHz. 


■ Audio Amplifier Breakthrough 

Revolutionary technique amplifies like no 
amplifier you’ve ever seen before. Learn 
how it works and get an inside look at 
what might be the wave of the future in 
hi-fi equipment. 


Frequency stabiiity; ±.0005% from +50° to +104°F. 

Frequency stabiiity with built-in thermometer and temperature cor¬ 
rected charts: ±.00025% from +25° to +125° (.000125% special 450 
MHz crystals available). 

■ Tests Predetermined Frequencies 25 to 1000 MHz 

■ Extended Range Covers 950 MHz Band 

■ Pin Diode Attenuator for Full Range Coverage as Signal 
Generator 

■ Measures FM Deviation 


■ Repairing Video Cassette Recorders *• 

A look at just how complicated the proce¬ 
dures are and what equipment you’ll need 
to repair these. Forest Belt leads you 
through the jungle. 

■ Audio Test Station 

Part 4—Construction details for another 
section of this remarkable 5-in-1 test 
instrument. A must for your workbench if 
you plan on doing any audio testing. 


PLUS: 

Two R.E.A.L. Test Reports 
Hobby Corner 
State of Solid State 
Computer Corner 
Service Clinic 


FM-2400CH (meter only) Cat. No. 035320 . $595.00 

RF crystals (with temperature correction) . 24.90 ea. 

RF crystals (less temperature correction) . 18.90 ea. 

I F crystals . catalog pries 
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new ppoduGGs 


More information on new products is avaiiabie from 
manufacturers of items identified by a Free information 
number. Free information Card is inside the back cover. 


BINARY CLOCK KIT, model 540, displays chang¬ 
ing discrete-LED patterns to represent time in 
binary code. Programmed instruction manual 
teaches digital logic and binary coding system. 
The model540\s housed in a wood-grain cabinet, 
complete with components and manual. Price; 
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$39.95.—Graymark International, Inc., 1751 
McGaw, Irvine, CA 92714. 

1C STORAGE, Bug Box, Bug Rug, Bug Tag, Bug 
Cage, are used to store, retrieve and count 8-, 
14-, or 16-pln DIP’S. The 30-compartment Bug 
Box dispenses one 1C at a time and Is easily 
stored in standard components cabinet. The 
companion products are: Bug Rugs, die-cut con¬ 
ducting foam pads to line Bug Box compart¬ 
ments; Bug Tags, peel-off Identification labels; 
and Bug Cages, storage racks for Bug Boxes. 
Suggested retail prices; Bt^ Boxes, $1.98 each; 
Bug Rugs, $1.49 each; Bug Tags, $2.98 per pack¬ 
et; Bug Cages, $6.95 each.—International In¬ 
strumentation, Inc., Box 3751, Thousand Oaks, 
CA 91359. 
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DUAL-IN-LINE DIP SWITCHES by Molex are 
designed In SPOT, SPST or DPST configura¬ 
tions for 2 to 10 circuits (shown, 8-circult SPST 


This is eosy- 
onyone con solder- 

kester'Folder 



Handymen! Hobbyists! 
DO-IT-YOURSELFERS! 

Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio, TV, model train, jeweiry, appliances, minor 
eiectrical repairs, piumbing, etc. — Save money —repair it yourseif. Soldering 
with Kester is a simpie, inexpensive way to permanently join two metals. 

When you Solder go "First Class” — use Kester Solder. 

For valuable soldering information send self-addressed stamped envelooe to 
Kester for a FREE Copy of "Soldering Simplified". 

ra KESTER SOLDER 

Litton 4201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639 
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switch). Useful in computer, data-processing, 
industrial or consumer printed circuit applica¬ 
tions, the switches handle up to 30-VDC at 50- 
mA. The switching is performed either via rock¬ 
ers or levers. The rocker-activated switches 
have phosphor-bronze blades with Inlaid gold- 
alloy contacts and tin-plated .100-Inch solder 
terminals. They are available individually bub¬ 
ble-packed or In bulk from Waldom dealers and 
distributors. A typical 8-clrcult single-polo sin¬ 
gle-throw switch costs $5.55.—Waldom Elec¬ 
tronics, Inc., 4301 W. 69th St., Chicago, IL 
60629. 

DIGITAL MULTIMETER, model 272, is a factory- 
assembled battery-operated unit that measures 
to 1000 VDC, 600 VAC, 100 mA and 1 megohm. 
Display is provided by three 0.3-Inch LED's, plus 
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CLASSIFIED COMMERCIAL RATE (tor firms or Individuals ottering ^mmerclal products or 
services). $1.50 per word (no charge for zip code). . . minimum 15 words. 

NONCOMMERCIAL RATE (tor Individuals who want to buy or sell personal Items) 85e per word. . . 

no minimum. 

ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all caps) at 
10* * per word. Payment must accompany all ads except th"«- —" '** “ •“ ““ 

agencies. 5% discount to 


_ placed by accredited advertising 

._j. 10% for 12 Issues vvlthin one year, It paid in advance. All copy 
subl^ to publisher's approval. Advertisements using P.O. Box address will not be at^pted until 
adv^lser supplies publisher with permanent address and phone number. Cyy to l» In our hands 

on the 26th of the third month preceding --* — “ '• --- 

When normal closing date falls — ■ 

working day. 


PLANS & KITS 


_t. solid-state. FREQUENCY COUNTER: 3 

MHz, mlniportable/moblle, memory! VOX- 
COMPRESSOR: Splatter-free modulation boost¬ 
er. Construction plans $3.00 each. All $7,501 
Many others, catalog with order. PANAXIS PRO- 
DUCTIONS, Box 130-F3, Paradise, CA 95969 
SCANNER users—build many useful accesso¬ 
ries. Free kit catalog. CAPRI ELECTRONICS. 
Route 1R, Canon, GA 30520_ 

CIA TOOL KIT. Complete schematics tor 30 elec- 
tronic surveillance devices. $15.00. MICRON RE- 
SEARCH, PC Box 118, Woodstown, NJ 08098 
SAVE 50%. Build your own speaker system. 
Write for catalog: McQEE RADIO, 1901 McGee. 
Kansas City, MO 64108__ 

PROJECTION TV.... Convert your TV to pcoject 
7 foot picture. Results equal to $2,500 projector. 
Total cost less than $20.00 Plans & lens $16.00. 
Illustrated Information free. MACROMQ C, 
Washington Crossing, PA 18977 


AMAZING ELECTRONIC PROJECTS and PRODUCTS; 

Lasers Super Powered, Burning. Cutting. Rllle. Pistol. 
Pocket. See In Dark—Shotgun Directional Mike— 
Unscramblers—Giant Tesla—Stunwand—TV Disrupt¬ 
er-Energy Producing, Surveillance, Detection, Elec¬ 
trifying. Ultrasonic. CB, Auto and Mech. Devices, Hun- 
dr^s More-All New Plus INFO UNLTD PARTS SER¬ 
VICE Catalog $1. Inlormatlon Unlimited, Dept. R8 Box 
716 Amherst, N.a 03031. 


BURGLAR ALARMS 

FIRE ALARMS 
AUTO ALARMS 

For The Do-lt-Yourselferl 

Our free catalog & 
guide shows every¬ 
thing in the world of 
security — for install¬ 
ing a professional 
custom alarm system 
in home, office or car. 

Install it yourself and sa^ 

Send For Free Catalog 



UNEAR amplifier designer kit: 25-30 MHz, 125 
watts output. Solid State 12VDC. Kit contains 
parts list, assembly Instructions and schematic 
diagram only 19.95. Send chock or money order 
to: DAYSTRUM ENGINEERING COMPANY, Box 
8869, Stockton, CA 95208 

PRINTED circuit boards from your sketch or 
artwork. Affordable prices. Also fun kit projects. 
Free details. DANOCINTHS INC., Box 261, West- 
land, Ml 48185 

POWERFUL antennas, llnoars, pre-amps. 


_ j components, complete kl 

tion tapes available. Comprehensive test report. 
REF INTEGREX, Box 747, Havortown, PA 19083 


To run your own clauifiad ad, put ona word 
lor $1 JO par word (minimum 15 words) to: 

on.md.otU..lin..b, 

1 

1 

1 

I* 

1 

1 

1 

1 

1 

Radio-Electronics, 200 Park Avenue South, N.Y., 

N.Y. 10003 

ORDER FORM 

PLEASE INDICATE in which category of classified advertising you wish your ad to 
appear. For special headings, there is a surcharge of $10. 

( ) Education/Instruction ( 

) Wanted ( 

Special Category: $10 

(PLEASE 

PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.) 
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SPEAKER mrORMATlON KIT 

Get 70 pages of speaker facts, specs, construction tips 

quality hi-fi speaker system kits. We'll send you ou 

color ecrtoleg; plus Mow to Hook Op Ton 

an exhaustive step-by-step tre 
installation; end our Opo wir o 
chock full of facts on how to get 
the most from any speaker 
system, for Free. Even if 
you don't buy from us we 
want you to have the facts. 

That's how we got to - ‘'" 


Spookorlcdi. Dept. 3-RE 
735N.Northlake 
Seattle. WA 98103 
RADIO & TV tubes 364: each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217-E University, San 
Diego, Calif. 92105 


Burglar • Fire • Smol«e 
Alarm Catalog 


• Billions of dollars lost annually due 
to lock of protective warning alarms. 

FREE CATALOG Shows you how to 
protect your home, business 
and person. Wholesole 
prices. Do-it-yourself. Free 
engineering service. 


Box 82802 RE-039 Lincoln, Ne. 68501 



TEST equipment catalog listing used Tektronix, 

HP and GR equipment at bargalr^rlcM. Pr^ 
$1.00 refundable with first order. PTI, Box 8699, 
White Bear Lake, MN 55110 














































































ONCE IN A LIFETIME 

mnyPESUi 

AT DELTA * ELECTRONICS!^ 


Write for Your 
free Copy 



Connector* ^ 

TRITiK 


ATTENTION, same as ECG 123A, 159, 132, 133, 
172, 154, 107, 108, 290. Any 10 $4.75. RICHARD 
K. SALES, 2845 Valley Blvd. #16, West Covinia, 


EDUCATION & INSTRUCTION 

GRANTHAM’S FCC License Study Guide—377 
pages, 1465 questions with answers/discus¬ 
sions—covering third, second, first radiotele¬ 
phone examinations. $13.45 postpaid. GSE PUB¬ 
LICATIONS, 2000 Stoner, Los Angeles, CA 

TELEPHONE bugged? Don’t be Watergatedi 
Countermeasures brochure $1.00. NEGEYE LA¬ 
BORATORIES, Box 547-RE, Pennsboro, WV 


MATHEMATICS 

ELECTRONICS 

ENGINEERING MATHEMATICS 
ADVANCED MATHEMATICS 
DIGITAL TECHNOLOGY 


These unusual courses are the result of years 
study by the President of IHSI. He has lectured 
thousands of men on mathematics, and electronic 
engineering. Order your lessons on a money-back 
guarantee. If not satisfied you don't pay! Write for 
free information. Act now! 

The INDIANA 
HOME STUDY INSTITUTE 

EASTERN DIVISION 
P.O. BOX 1189 
PANAMA CITY, FLA 32401 


ELECTRONIC hardware. Screws, nuis, wasn 
brass, steel, SS; knobs, connectors, PCB, f 


UNIVERSITY degrees by main Bachelors, Mas¬ 
ters, Ph’D’s . . . Free revealing details. COUN- 
SELING, Box 317-RE3, Tustin, CA 92680 


Downsvlew, Ont, M3M 3A3 



1" 1H :l«* ’ll "iB?" 1 

1 

^ $18.95*^ 

X WIRaESS MIKE. Mercury Bat. furn. Picks up most 

1 FM ^ 

system, baby sitter, hot lirte, etc. (’Plus $1.00 Pstg. & 
Hdig.) Money back guarantee. California residents add 

discount available. AMC Sales. Oeit. 19, 9335 Lubec 
... St., Box 928, Downey. Calif. 90241 Phone (213) 869-8519 

COMPUTER monitors. Alternate terminals for 
personal & business computers. Under $139.00. 
Build on our security TV camera system. TERMI¬ 
NAL DISPLAYS, 46 Melrose. DIx Hills, NY 11746 



E brand tost equipment. Guaranteed dis¬ 
counts up to 50%. Free catalog. SALEN ELEC- 
TRONICS, Box 82-M, Skokie, IL 60077 


PRINTED CIRCUIT 

Positive Acting Photo Resist; Carbide 
bits; Bubble etchers; Artwork; Epoxy 
Glass Boards. 

Send stamp & address label for flyer 

TRUMBULL 

833 Baira Dr., El Cerrito, CA 94530 


to NEW INVENnONI "LOCK IN CONTOOl". Euy. Umpla inualta- ' 
I MONEY BACK QUARAN- | 


Chicago, III. 60618 



freelance acquiring ec_ 

troubleshooting manuals, texts. Qualified cl._ 

date should have successful publishing record, 
good leads to other tech writers, heavy publica¬ 
tion/copy editing experience. Reply: 118 Con¬ 
cord Ave., Oceanside, NY 11572 


GOVERNMENT SURPLUS 

JEEPS - $59,301 - cars - $33,501 - 450,000 
ItemsI Government surplus—niost comprehen¬ 
sive directory available tells how, where to buy— 
your area—$2.00—moneyback guarantee— 
GOVERNMENT INFORMATION SERVICES, De¬ 
partment VA—3, Box 99249, San Francisco, CA 
94109 
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AMERICA'S LARGEST SUPPLIER 

of ORIGINAL Japanese Semi-Conductors 
for CB, TV and Stereo Repair 

We carry only genuine replacement parts 
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Bob Hope says, 
“Heto keep 
Red Cross 
ready.” 



Public Seivice of This Magazine 4 The Advertising &xjncil E 


FAIRCHILD RED LED LAMPS 


se. RED EMITTING Tl 


“WE BOUGHT 250,000 PCS." 


10 FOR ‘ips 
50 FOR »4« 


“THE COLOSSUS’ 

FAIRCHILD SUPER JUMBO LED READOUT 

A full .80 inch character. The biggest readout we have 
ever sold! Super efficient. Compare at up to $2.95 each 
from others! yoUR CHOICE $■! 49 

FND 847 Common Anode ' “ 

FND 850 Common Cathode (6 for $6.95) 


NATIONAL SEMICONDUCTOR 

JUMBO CLOCK MODULE 



16K DYNAMIC RAM CHIP 

WORKS IN TRS-80 OR APPLE II 

; 1 Bits. 16 Pin Package Same as Moslek 4116-4.250 NS access. 410 NS cycle 
Our best price yet for this state of the art RAM. 32K and 64K RAM boards 


$ 1485 , 


VERY LIMITED STOCK! 


8 FOR >89.95 


FAIRCHILD PNP 
“SUPER TRANSISTOR" 


BVGD0-30V IDSS-15 MA Typ. 
1500 uMHOS. TO-18 Plastic 
Case. Mfg. by Teledyne. 

6 FOR $1 


JUMBO 1C ASSORTMENT 

juter mfg. Surplus. Some 
fard marked, many house 
5ered. TTL, PTL. LINEAR. 


60 Hz CRYSTAL TIME BASE 

$4.95i(CompM>Klt) 

s MM5369 CMOS divider 1C 


EXPERIMENTER'S CRYSTAL 


$1.25 each 
4.00 MHZ — $1.75 


15 AMP 400 PRV 
ECIAL: 890 /.Kh 

5 FOR $3.95 


Computer Grade! 20 VDC Surge. 

$1.59 ea. 3 for $3.95 


Digital Research^Corporation 

,^■0. BOX 401247B GARLAND, TEXAS 75040 • (214) 271-2461 


SALE! 

1N4148 DIODES 

High speed switching diodes. 

Silicon. Same as 1N914. 
Brand New. Full Leads. Prime! 

100 FOR $2 1000 FOR $17.50 


COMPLEMENTARY POWER TRANSISTORS 

SILICON NPN AND PNP. TO-220 CASE. 

VCEO-40V PD-30 WATTS 
FOR AUDIO POWER AMPS, ETC. 

TIP29 - NPN your choice 

TIP30 - PNP_ 3 FOR $1 


HY GAIN 

ledonotkn°ww*Stmet^toa^'^^ CONTROL BOARD 

f quality components. Board has: 2-12VDC 200 OHM SPOT Mini Relays. 
■CD4001 CMOS, 4-LM358 High Performance OP AMPS (same as 1/2 LM324), 
•motorola MC3340 Mini Dip, t-Audio Output Transformer. 1-TIP30 30 
lATJ PNP Power Transistor, plus 70 more assorted componAnts ' ' 

LIMITED STOCK: »2.49 each 


TERMS: Add 30« postage, we pay balance. Orders under 
$15 add 75« handling. No C.O.D, We acc^t Visa, Master- 
charge, and American Express cards. Tex. Res. add 5% Tax. 
Foreign orders (except Canada) add 20% P 4 H. 90 Day 
Money Back Guarantee on all items. 
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BRAND NEW! 

JUST RELEASED 
1979IC MASTER 

2500 
pages 


_selector. V_- 

to the latest I.C.’s 
microprocessors and 
consumer circuits. 


L Free Quarterly Updates 



$ 39 . 95 ^ 


Texas Instruments 
Low Profile Sockets' 

Finest Quality Socket available in the~ 
world. Nobody can match Texas Inst¬ 
ruments quality — a unique combina¬ 
tion of I.C. technology and multi¬ 
metal expertise. 

Over one million pieces 


CMOS I.C/S 


69 CD4072BE 

- .39 C04073BE 

C04020BE .69 CD4075BE 


CD4021BE .69 


.69 CD4077BE 
UUWZJBt .17 CD4078BE 
CD4024BE 49 CD40eiBE 


C04515BE $1.95 


C04527BE $1.09 


C04543BE $V39 
CD45S6BE .65 
C04581BE $2.25 
C04584BE ioO 
^4^E' M 

40^7^ *^^60 


SPIN 
14 PIN 
16 PIN 
18 PIN 
20 PIN 



CO4104BE $2.25 




’!85 40174PC '89 


CD4512BE .59 


LINEAR I.C/S 



grs-as'K,.. 

v“Amp''5. sT volts 

wt,rs!is«vo... 


$1.45 1 Amp Adjustable Positive Voitags 


C 


All new major manufacturer prod¬ 
uction material offered. 
Largest variety of device types 
available anywhere. 


J 


MICROPROCESSOR 


PU’s 

Part No. . Price 

8080A >9S:5.50 
6800 >^7.95 

INTERFAC E 
SUPPORT CIRCUITS 

Part No. Price Part No. 

8212^ 1.98 

8214>9< 3.95 
8216 1.98 

8224 2.75 

8226 1.98 

8228 4.75 

8238^ ^4.75 
8251 >95: 4.95 
8253 14.95 



LED209 
LED211 
LED212 

LED220 T-1-3/4 5mm Red 
LED222 T-1-3/4 5mm Green .15 i 
LED224 T-1-3/4 5mm Yellow .14/ 
L MAJOR MANUFACTURER 



MOS Static RAM's 

Part No. Price 

2102LFPC $1.19 

1K350NS<Low Power) 

2102-1 PC $.99 

1K450NS 

2114 $7.50 

4K(1Kx4)300NS 

2114 $6.50 

4K(1Kx4)45aNS 

MOS Pytsamic RAM's 

Part No. Price 

4K 4027 $2.95 

4K(4Kx1)300NS16PIN 

416-3 $9.95 

200NS 

416-5 $7.95 

300NS 

UARTs 
Part No. Price 

AY5-1013A $4.95 

AY3-1015 $5.95 

1K CMOS RAM 

Part No. Price 

5101 $4.95 

4S0NS(LowPom 

5101 


$3.95 


/^Active 

MPElectronic 

Sales Carp. ' 


P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 
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Govt. SURPLUS 
ELECTRONIC 
EQUIPMENT 

CATALOG 


PROFITABLE ONE-MAN 

ELECTRONIC FACTORY 

Investment unnecessary, knowledge not re¬ 
quired, sales handled by professionals. Ideal 
home business. Write today for facts! 

Postcard will do. Barta-RE-0, Box 248, 
Walnut Croak, CA 94597. 



New ITEMS . . . New BARGAINS! 

rprr upon request.' 

■ Send today for FREE copy of 

NEW CATALOG WS-79. Address Dept. RE 



BUSINESS OPPORTUNITIES 


CABLE FM station. No experience required, 
excellent spare-time income, others operate tor 
you. Details free. BROADCASTING, Box 130-F3, 
Paradise, CA 95969 


GET cash commission with each order from 
friends, neighbors, for America's finest shoes. 



VINYL’S where the money Isl Professionally re¬ 
pair, refinish, recolor furniture, luggage, or '— 
Quick, easy. Two small $20 jobs a day et 

$1000 a month. Homes, cars, offices, _ 

rants, unlimited customers. Start earning after a 


I day earn you 



MANUFACTURING opportunity for electronic 
firms to acquire rights to highly marketable con¬ 
sumer Items. Patents pending. A.I.M.S. ENTER¬ 
PRISES, 4033 Pleasant, St. Louis, MO 63107 


SOUND SYNTHESIZER 
GENERATOR 


NEW . . . new sound synthesizer wonder chip 
and handful capacitors/resistors generates: Mu- 
sical-organ/exploslon/slar wsrs/birds/auto- 
mobile/aircralt/crsshes/drums sounds. Only 
$5.95, includes schematic/project booklet. Three 
wonder chips $14.95. COMPUTER APPLICA¬ 
TIONS, P.O. Box 203, E. Meadow, NY 11554 
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Radio Shack: No. 1 Parts Place 

Low Prices and New Items Everyday! 






if 


iS 

jrtiiM 


8080A Microprocessor 
and Support Chips 
New —100% Prime 



1095 


Top-Quaiity iC and PCB 


B tfrPin 1C TMt aip! 27^1951 . 27^1980 

B S-Rockor 16-Pln DIP Switch. 276-1301 
B Vertical 16-pln Socket. For LED displays. 276-1986 
ffi] 16-Pin DIP Jumper Cable. 10" long, 276-1976 



a 


w 


PC Potentiometers 




«A„ „0. 40.pin DIP^ 


27^2501 . 2.49 Ea. or 8/14.95 


'. (fig. B) 9 



ty W. (Fig. B) 

N? 

Ea. 

No. 

Ea. 

iif 

4M 

271T333 

3* 

271-211 

4!K 




494 

494 

27iT33« 

3K 

I?!:”# 

494 

- 



i 2 cm Solar Cells 

iHIlii 

E 4cm X 2cm. Silicon-type cell converts 

too mA at 0.5V. Use several in series- 
parallel for higher voltage or current. 

276-120 .2.99 

m 2W'Round. Highly efficient silicon cell 
dejiuers up to 400 mA at 0.5V. 


Hobby Motors 


Molded Connectors 


IC Breadboard Sockets 



Digital Project Accessories ^ 


ssiSii 



WHY WAIT FOR MAIL ORDER DELIVERY? 














































































2 METER 

MOBILE ANTENNA 


SMiwlBg LOW PRICE. 

features: -HIGHEST QUALITY; DESIGNED FC 


ORANGE), HEAVILY PI 


nmr krLUUK|.M.^t , 
ITS, SEALED HATCHING 

A) WITH ALL MOUNTING 


HARDWARE INCLUDING TRIM 
ALSO WORKS WITH MOST "CLAMP TYPE" ADAPTERS. 
-TUNES FROM lAO-176 MHa — WHIP CUTTING CHART 
SHOWS WHIP LENGTH VS FREQUENCY. CUT FOR 2M HA 
BAND, FIRE & POLICE BANDS (FOR SCANNERS) OR 


SHORTER VERTICAL WHIPS. BANDWIDTH IS GOOD, 
RESULTING IN LOWER SWR OVER A WIDER FREQUENt 
RANGE. A LESSER DEPENDENCE ON A GROUND PLANE 
MEANS EASIER MOUNTING IN MANY CASES. (THESE 
- "T) ON POLICE MOTORCYCLES 



LASER 

POWER 
SUPPLIES 


INPUT, RECTIFIED 
AND FILTERED DC 




OUTPUTS 

12,500 Vdc 
25 Watts L -1 


QUANTITIES. USE $795 ' 


(Tlwyar. HEAVY!) 


IHE''recTlflERr 

ACCESSABLE THROUGH 


7,500 Vdc 
15 Watts E-760 
S095 


i.srsMHi *1** 
l.OOOMHi *1*® 
I.194MH1 *1*® 


IK 


lAMOlMDBACK 

euectroimicb company 

PO BOX 1B4 
PINO VAtXKY IL ei3 


<C OHOEHS 915/664-5151 
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AMAZING EARADIO ^ 


“ *5.95 



mm 


0*1 aiorfl 


nf 330V too ^ 
of 360V iso F 

Tif360V 12,25 IL 


C23280 


»1gg 


LESS KEYBOARD ’ 


C23227 $1.00 


DENVER. CO. 80227 
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Original Japanese Replacement Parts for TV, Stereo and CB 




PRICESJRAY CHANGE WITHOUT NOTICE COD ORDERS WELCOME 
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NEW-TONE ELECTRONICS INTERNATIONAL 
P. O. Box 1738, Bloomfield, N. J 
New Jersey Phone: 201/748-5069 




























































TRS-80” 
SERIAL I/O 

• RS-S32 compati¬ 
ble a Can be ueed with 
or without the expan¬ 
sion bus • On board 
switch selectable baud 
rates of 110, 150, 
300,600,1200,2400, 
parity or no parity odd 
or even, 5 to 8 data 
bits, and 1 or 2 stop 
bits. D.T.R. line. Board 
only SI 9.95 Part No. 
8010, with parts S59.95 
Part No. 801OA, as¬ 
sembled S79.95 Part 
No. 801OC. No con¬ 
nectors provided, see 
below. 


4K EPROM 


HEX ENCODED ^ ^ 

KEYBOARD 

This board ip designed to operate with any 
This HEX keyboard speed or power 1708A. Addressable in 4K 
has19keys, IBencod- byte increments and can be configured to 
ed with 3 user defin- occupy either 2K or 4K segments. It can be 
able. The encoded TTL populated one memory chip at a time. Bare 
outputs, B-4-2-1 and board S30, board with parts S200, assembled 
STROBE are debounced $230. Part No. EPM-1 
and available in true 
and complement form. 

Four onboard LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only SI 5.00 Part No. 

HEX-3, with parts 
S49.95 Part No. HEX- 
3A. 44 pin edge con- 

* “ Part No 16K OR 32K EPROM 

numcj ,^ 

Designed to operate with any speed or power 
2708 or single voltage (+5\/12716. Address¬ 
able in 4K increments and can occupy 
multiples of 4K. It can be populated one 
memory chip at a time. Has bank addressing 
and Phantom Disable. The board comes with 
an exclusive software program that can be 
placed in a 2708 or 2716 that will, when used 
in conjunction with a RAM memory board, 
check out every line on the EPM-2. Bare 
board S30, board with parts with 2708 
$455, assembled $485. Board with parts 
with 2716 $1,225, assembled $1,255. Part 
No. EPM-2 


8080A CPU ( 




8-100 BUS 

ACTIVE TERMINATOR f 


8 AND 13 SLOT ^^ . 
MOTHER BOARDS 

All traces are reflow solder covered and both 
sides are solder masked. The connectors 
used on these boards are the IMSAI™ type 
LI 25" between pins, .250" between rows). 
Spacing between connectors is .750". All 
lines, except power and ground, have a 
passive RC network termination available. 
There is a kluge area available that will accept 
two 40 pin sockets and one 36 pin socket. 
The circuitry for supplying three separate 
regulated voltages to the kluge area is 
contained on the board. Part No. QMB-12 
$40 bare, $105 kit, $120 assembled. Part 
No. QMB-9 $35 bare. $90 kit. $105 
assembled. 



Uses the 8080A and the 8224 clock chip. 
The crystal frequency used is 18 MHz and 
the vector interrupt chip is the 8214. The 
board will function normally without the 
interrupt circuitry. When the interrupt 
circuitry is built up, the board will respond to 
eight levels of interrupts. Designed to be a 
plug-in replacement for the IMSAI CPU board 
and will work in other computers with the 
appropriate modifications made to the ribbon 
cable connector pin out from the front panel. 
The board will work in systems without a 
front panel if the system has a PROM board 
that simulates the functions of the front 
panel. Bare board $30, with parts $185, 
--- 



16K STATIC RAM 


Operates with any speed or power 2114. Ail 
input and output lines are fully buffered. 
Addressable in 4K byte increments. If the 
system has a front panel, the board will allow 
itself to be protected. If there is no front 
panel, the board will not allow itself to be 
protected. The board has Bank Address 
capability. Phantom Disable, MWRITE, and 
selectable wait states. Bare board $30, 
board with parts $665. Part No. MEM2 


RICEON 

65K DYNAMIC RAM 


Main menwry for microcomputers, in 
terminals, business systems, medical sys¬ 
tems. and OEM systems, a High density 
random, access memory 4BK bytes or 64K 
bytes a Fully buffered a S-100 bus compat¬ 
ible a Low power (dynamic memory) a Trans¬ 
parent refresh a Digital delay line techniques 
for reliable operation a Multiple boards 
allowed using hardware or software controlied 
bank select a "Phantom" signal for RAM/ 
ROM overlap a All boards are fully tested 
prior to shipment. Operating System test 
and extensive bit pattern testing, a Works 
directly in 8080A processors or Z-80 
environment at 2MHz a Currently used by 
industry a 1 year warranty. Only available 
assembled and tested with 4BK $1,250 Part 
No. 48K, or with 65K $1,475 Part No. 65*" 



8K EPROM RICEON 

Saves programs on PROM permanently (until 
erased via U V light) up to 8K bytes. Programs 
may be directly run from the program saver 
such as fixad routines or assemblers, a S- 
100 bus compatible a Room for 8K bytes of 
EPROM non-volatile memory (2708's). a On¬ 
board PROM programming a Address 
relocation of each 4K or memory to any 4K 
boundary within 64K a Power on jump and 
reset jump option for "turnkey" systems and 
computers without a front panel a Program 
saver software available a Solder mask both 
sides a Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
lard with parts but no EPROMS $139, with 
EPROMS $179, with 8 EPROMS $219. 



ister Charge, BankAmericard, or VIS^A 
u. Outaida USA add 10ita for air mail ■ 
ts for all ICs. components, and circuit H 
Canada boxes are marked "Computer ■ 
« Circuits designed by John Bell ■ 

nnrrTBnHrrM I 

I San Jose, CA. USA 9515lJ 


nd signature. Shipping charges added to C.O.D. orders. California residents add 6.5*11 to 

^d handling, no C.O.D.'s. Checks and money orders must be payable in US dollars. Parts kir- "- 

. ;s. Prices are in US dollars. No open accc - 

Jne: (408) SS6-4064 


ELECTRONIC SYSTEMS Depl.M 3 .RaBox 2163 aSanJo«i, 0 ».USA 9515 l| ^ 
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FeATURING...FROM 
FORMULA International 
BRIGHT N€W ID€AS! 


^TIMATRON.,Rack 
mount type cabinets! 

All are of aluminum and machine made to very 
high-precision quality with sleek, black anodized 
finish. Front panels come blank and undrilled to allow 
you to make panels of your own design. For large 
quantity orders Formula International will silkscreen 
print and drill panel holes at a minimal extra charge. 
SIZE PRICE 


19" 

(W)) 

< 272" 

(H)) 

< 12" 

(D) 

$36.85 

19" 

(W)) 

< 4" 

(H)) 

< 12" 

(D) 

45.25 

19" 

(W)) 

< 8" 

(H)> 

( 20 " 

(D) 

72.00 

16" 

(W)) 

< 272" 

(H)) 

( 8" 

(D) 

26.50 

16" 

(W)) 

(4" 

(H)) 

(8" 

(D) 

33.45 

9’/2" 

(W)> 

( 272" 

(H)) 

< 12" 

(D) 

33.45 

972" 

(W)> 

( 4" 

(H)> 

( 12" 

(D) 

24.50 

9'/2" 

(W)) 

(4" 

(H)) 

(8" 

(D) 

30.25 



For Large Quantity Order and Special Sizes or colors please contact us direct. 

'Distributor inquiries Welcome! 



GENERAL PURPOSE 
INSTRUMENT BOXES . . . 

All boxes are made of aluminum. Top is anodized black. Bottom 
is silver and comes with 4 rubber pedestals. 

Part No. Sizes Price 

FTA421 4V8" (W) X t'/z" (H) xays" (D) $2.10 ea. 

FTA 452 4 " (W) x 2" (H) x 5" (D) 3.50 

FTA 572 5%" (W) X 2%" (H) X 7 " (D) 4.95 


UNIVERSAL PROTOBOARDS “Circuit Fit” 


n made of High Quality G10 Fiberglass and Phenolic. Pre-drilled in .042" diameter holes on 0.1 "centers wi 

n plated copper eyelet and finger edge connectors (Single sided) to allow any kind-of standard components to fit board. 



/I ORDER $10.00. California residents add 6% sales ta; 
Out of state add 15% of total purchase for shipping charges, out of USA and o\ 
SEND CHECK OR MONEY TO: 


FORMULA INTERNATIONAL INC. 

ViltV 12603 CRENSHAW BOULEVARD • HAWTHORNE, CALIFORNIA 90250 

For more Informatior, please call (213) 973-1921, (213) 679-5162 • STORE HOURS 10-7 Monday-Saturday 
SEND $1.00 FOR DETAILED CATALOG 
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NEW. . .PRE-DRILLEDPCB>s FOR ALL 100 SERIES KITS 


Perforated Boards NOT INCLUDBD w/100 Series 


103 MINI-WINK NEON FLASHER. Random 
flash pattern. Interesting displays. 6 neon 
lamps. AC operated. 

103.$2.95 

103A(103w/PCB). 4.60 

103B (103 w/PCB,CASE).. ... 6.85 


110 ELECTRONIC WHOOPER SIREN. Power¬ 
ful walling sound. Dual oscillator circuit. Use 
with any alarm circuit. Battery not included. 

'10.$4.95 

10A (110 w/PCB).6.50 

110B (110 w/PCB,CASE).9.60 


*fr- 

117 TUNABLE ELECTRONIC ORGAN. Tunable 
7-note scale. Play sing-a-long favorites. Bat¬ 
tery not included. 




120 SIREN/CODE OSCILLATOR. Loud, pierc¬ 
ing alarm. Practice Morse code. Battery not 
Included. 

. $4.20 

120A (120 w/PCB).5.55 

120B(l20w/PCB,CASE).8.65 


104 VARIABLE STROBE LIGHT. Great for par¬ 
ties and photography. Variable flash rate. AC 
ted. 

. $9.95 

104A (104 w/PCB).14.20 

104B (104 w/PCB,CASE).19.70 


126 PROGRAMMABLE OOORBELL. Adjust¬ 
able rate and pitch for 15 musical notes. Play 
favorite tunes. 6 IC's. Uses existing trans¬ 
former and switch. 

.$16.95 

126A (126 w/PCB).23.70 

~ (126w/PCB,CASE).29.20 


Perforated Boards NOTtNCLUDfO w/100 Series 

109 aUto/home burglar 

ALARM. Use with car horn or 
models 110 or 124 sirens. Latch¬ 
ing circuit. Battery not included. 

109.$2.25 

109A(109 w/PCB).: .3.40 

109B (109 w/PCB, CASE) . . 5.00 



114 AUDIO AMPLIFIER. High 
sensitivity, high gain, use as in¬ 
tercom, PA amp, phone pick-up 
and others, push-pull output. Bat¬ 
tery not included. 

114.$6.35 

114A (114 w/PCB).8.90 

114B (114 w/PCB, CASE) . 12.00 


% 


102 6/9 VOLT SUPPLY. 100mA. Battery eliminator, dual 
range output switch, heon pitot lamp. AC operated. 

102.$3.95 

102A (102 w/PCB).5.30 

102B (102 w/PCB, CASE).7.25 

119 MOTOR SPEED CONTROL. ^ 

Adjust motor speed to suit applica- fv® 

tion. SCR controlled, use as light ^ 

dimmer. AC operated. 

119.$3.95^^^ 

119A (119 w/PCB).5.50 

119B(119w/PCB, CASE) . . 7.75 




123 ELECTRONIC TIMER. Turns 
appliances on and ott, adjustable 
control, 2 minutps to 1 hour. 1 1C, 
AC operated. 

123A(123w/PCB) ::!!!'ii! 40 
4# 123B (123 w/PCB, CASE) . 13.65 


540 BINARY CLOCK. Handcraft tomorrow's timepiece 
today. Watch constantly changing patterns of LED’s as 
they display Binary Time. This unique clock project en¬ 
hances the learning of Digital Logic and the Binary Coding 
System, as well as ottering a beautifully styled conversa¬ 
tion piece. 

10 TTL INTEGRATED CIRCUITS • VOLTAGE REGULATOR 
• MANUAL TEACHES BINARY SYSTEM • FAST, SLOW 
AND HOLD CONTROLS • 115VAC 50 or 60Hz. 


$39.95 Complete 


536 8-TRANSISTOR' AM RADIO. Experience jewel-like 
clarity in sound. The best superheterodyne kit circuit 
available. SEPARATE LOCAL OSCILLATOR for high sensi¬ 
tivity and excellent selectivity. Uuipue IF Transformer 
mounting system. Manual. 9V battery required (not 
included)._ 

$16.45 Complete 


Perforated Boards NOT fNCLUOED w/fOO Series 


124 WARBLING SIREN. Two-tone oscillating 
siren. Loud and penetrating, 2 IC’s. For auto¬ 
mobile or other 12 volt systems. 

124.$5.65 

i24A( 124 w/PCB).7.10 

124B(124w/PCB,CASE). .10 20 


105 FISH CALLER. Clicking sound imitates 
distressed fish. Adjustable s^eed. Battery 
not included. 

105.$2.95 

105A (105 w/PCB). 4.10 

~~~(105w/PCB,CASE). .. 5.70 

107 COLOR ORGAN CONTROL - 3 CHAN¬ 
NEL. Over 200W per channel. Separate sensi¬ 
tivity control. Hi-mid-lo frequency response. 
AC operated. 

107.$9.20 

107A(107w/PCB).11.85 

107B(107w/PCB,CASE).14.95 


118 TV SCRAMBLER. Tunable to all VHF sta¬ 
tions. 30 foot range. Battery not included. 

118.$1.95 

118A(118w/PCB). 2.90 

118B(118w/PCB,CASE). 4.50 


122 COMPUTER SOUND EFFECTS GENERA¬ 
TOR. Produces weird, spacey sounds. 4 IC’s. 
Control tone, rate and blip or glide. Battery not 
included. 

122.$14.95 

122A(122 w/PCB).19.40 

122B(122w/PCB,CASE).24." 


DO NOT SEND CASH • NO COD • ORDER BY PHONE OR MAIL 


MINIMUM ORDER $10.00. CALIF. RESIDENTS 
ADD 6% SALES TAX. sBND CHECK OR 

WE PAY POSTAGE AND HANDLING MONEY ORDER TO: 
■■■ U.S.A. OVERSEAS COUNTRIES: 


We accept: 

VISA, 

MASTER CHARGE BankAmericard, 

CALL TOLL FREE 

800-824-5136 

IN CALIFOBNIA CALL 800-852-7777 

ASK FOR OPERATOR 441 


International, Inc, 

ADD tsy?OF jotal^for^poIt^^^ 1751 McGaw Avenue Dept. 1 Irvine.CA 92714(714) 540-5480^ 


CIRCLE 26 ON FREE INFORMATION CARD 


133 






































































RADIO-ELECTRONICS 


SERVICE QUESTIONS 

continued from page 106 


BAD FLYBACK 

The flyback circuit on this Sears 528. 
4174 was out. I replaced It with an exact 
duplicate, but / atilt have problems! The 
output current is very high, the fuse 
blows, plus many other problems.—D. A., 
Aynor, SC. 

I suggested that the technician run 
numerous stock tests, including using a 
Variac on the input, etc. He answered, 
“The whole problem was a bad new 
flyback! I found that the winding between 
6 and 8 on the flyback was apparently 


causing all the problems. So I tried anoth¬ 
er new one, and it was bad too! I finally 
found one that worked. Thanks.” 

INTERMITTENT POPPING 
I’ve got an intermittent in a Lafayette 
model LR-1SOOTA stereo receiver. At odd 
intervals it emits loud pops and bangs, 
then stops. This may happen again in half 
an hour, or a month laterl Have you ever 
run across anything like this before?— 
G. W., N. Miami, FL. 

Often! From your letter, the blast of 
sound seems to be in both channels at 
once. And this means the problem should 
be in something common to both chan- 
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HAND MIKE 
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^ CB-735 

•Builtrin Volume Control 
•5000 Ohms Impedance 
•5' Coiled Cord W/6-Pin DIN 
Plug •Shpg. wt 2 lbs. 



' CTDCURTU * 


STRENGTH cb-067 
INDICATOR Reg.T4?» 

• For Accurate Tuning of CB 
Antenna "Styles Vary 
) i ‘Range 2 to 30MH2 *52 Ohms 
" ‘ Irripedance ‘Wt 1 lb 


AC batteryADAPTER 

Q29 

^ BA-1! 



Reg. 


• For Radios. Recorders. 
Calculators, and More' 
•6. 7 5. 9V @ 300mA 
•Includes Plug for Mini. 


CBSLIDEMOUNT 



Reg. 


•For Under-Dash Mount¬ 
ing of CB's, Radios, etc. 
•Shpg. wt. 2 lbs. 


LAPEL MICROPHONE 

H99‘ 



Reg. 

MM-174 

Hi-Impedance Crystal 
•3.5mm Mini Plug 


1000 OHMS PER VOLT TESTER 

Reg. 

TE-184 LIMIT 1 

•Pocket Size Goes 
Anywhere 
•Wt. 3 lbs. 



PNOISE FILTER^ 


RQC Reg.Ti'*: 

fn CB-454 


'For Alternator/Generator 
'Filters Out Unwanted Noise in 
Any 2-Way Radio • 



For 24 Hour PHONE 
' Service Call (216)535-1800 

—□ Please send me a free subscription 

Olson Value Packed Catalog, (within the Continental USA Only) 


nels—the DC power supply. I notice this 
supply has two regulators, one on the 
+70.7-volt line and one on the -fl 2.45- 
volt line. Check both these regulators out 
for possible thermal transistors, or bad 
solder joints on any of the components. 
Tap around these circuits to see if this 
makes things act up. 

(Feedback: “Wow! I found the prob¬ 
lem. There was a bad solder joint on 
R253, the 15K resistor in the emitter 
circuit of Ql, the -f 70.7-volt regulator. 
When I tapped it the thing went crazy! 
Thanks.”) 

WHERE DOES THE BLUE WIRE GO? 

Thanks for the hint you gave me on the 
Quasar TS-914 chassis. A little choke was 
open on the high voltage rectifier! Now, 
I’ve got one other question. While pulling 
the chassis back, / managed to pull the 
blue wire loose. This wire goes to the 
intensity control, but where does it go 
from there? There’s also a gray shielded 
cable on the control.—J. W., Griffith, IN. 

Welcome to the club! Fve pulled many 
leads off and had some troubles too. The 
shielded lead to the intensity control 
comes from the cathode of the V16A, the 
first color IF, and the shield is grounded. 
Therefore, the blue wire should go from 
the slider (center terminal) of the control 
to the grid of the 6DX8 tube, which is the 
same tube that is used as the first color IF 
amplifier, pin 8. R-E 



ELECTRONIC KEYBOARDS 
FOR HOME ORGANS 
AND SYNTHESIZERS 

SEr^[^FORF^KJRO(^HURE. 

Pratt, Read & Co., Ivoryton, Connecticut 06442 

Reasesendfree Electronic Keyboard brochureto: j 
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THE NEW 
HOBBY WORLD 
CATALOG 


Your source for factory prime, 
professional quality equip¬ 
ment. Computers, add-on 
boards, IC's, sockets, resistors, 
.supplies, tools, test equipment, 
books, and more. Shop your buy list at Hobby World. You'll find 
what you want, and at a solid savings. For example, look at 
this month's specials: 

NEW FROM CALIFORNIA COMPUTER SYSTEMS! 

16K STATIC RAM KIT, MODEL XVI. 

IEEE S-100 compatible, requires only +5 Volts. 450 ns, fully buffered. Bank 
switching capability, Phantom Line, wait state, addressable in 4K blocks. 

HOBBY WORLD PRICE ONLY $265 KIT, $27 BARE BOARD 

16K MEMORY ADD-ON FOR APPLE, TRS-80 OR EXIDY SORCERER 

HOBBY WORLD PRICE ONLY $9B (specify when ordering] 

C-10 DATA CASSETTES - PERFECT FOR TRS-80 
PRICE ONLY $2 EACH! 10 for $17.50 


SEND ME A FREE CATALOG! 


Hobby World 

19355 Business Center Dr *6 
Northridge CA 91324 


HIGH STABILITY 
CRYSTALS FOR 
FREQUENCY^ 
OR TIME -rLTUT- 
USE THE BEST 
BUY 

JAN CRYSTALS 

• CB 

• CB Standard 

• 2 meter 

• Scanners 

• Amateur Bands 

• General 

Communication easy 

• Industry to 

• Marine VHF charge 

• Micro processor crystals 

Send W for our latest catalog. 

Write or phone for more details. 


2400 Crystal Drive 
Ft. Myers, Florida 33907 
all phones (813) 936-2397 




































































































































Outstanding Performance 

< 

Incredible Price 

CT-50 

SPECIFICATIONS: 

Readout Bdigit.^oV higJi^LED. d'l 


The CT-50 is a versatile and precision frequency counter which wili measure 
frequencies to 60 mHz and up to 600 mHz with the CT-600 option. Large Scaie 
Integration, CMOS circuitry and soiid state display technology have enabled this counter to 
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Electricity from the sun 

GIANT 3 V 2 inch cell, delivers 1 amp $8.50 

Giant cell w/special motor & propellor $10.25 


SOLID STATE po\«er supply 12 VDC 15 amp $40.00 
SOLID STATE pow/er supply 5 VDC 35 amp $50.00 
Above supplies unused in originai cartons. Operate from 
115 voits AC 60 cycle. Made for computer work. Solid 
state, fiitered, reguiated, over voltage protected. 


For 

faster 

service 


ULTRASONIC room alarm, intrusion detection 

with full data for hookup.$40.00 

SEE IN THE DARK 
IR viewer complete 
ready to operate. 
Guaranteed by the 
manufacturer. 
Portable, runs on 
lantern battery. New, 
see in total darkness. 
No shipments to 
Calif. Comes 
complete with built in 
IR source and 
adjustable focus lens. 
SPL-21 $199.00 

All items FOB Lynn, Mass. Send for free 72 page 
catalog jam packed with goodies. 

Meshna Inc., PO Box 62, E. Lynn, Mass. 01904 



USE 

ZIP 

CODE 

on 

all 

mail 

















































































CORPORATION 

QuMty Electronic Components 


mMO» 




1 - 800 - 346-5144 
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g" inTEGRftTED 
■8 ELECTRDniCS 

540 Weddell Drive, #4, Sunnyvale, CA 94086 (408)734-8470 

SN76477 Complex Sound Generator $3.50 

This is a programmable sound effect generator capable of pro¬ 
ducing a wide variety of sounds from high to low frequency. 
Using this chip & a small number of inexpensive parts, a variety 
of projects may be built. Spec shs & application notes $1.00 

TL500 Analog Processor $8.50 

The TL500 contains all the active analog elements for an auto¬ 
matic zeroing and automatic polarity. It is a 13-bit dual-slope 
A/D converter that has true differential inputs. It requires 3 
caps. & 2 resistors with no special matching or tolerances. It 
is designed for use wrth the TL502. Spec sheet $ .2 5 

TL502 Digital Panel Meter L.D. $7.50 

This is a 4’/2-digit Digital Panel Meter L.D. that is designed to 
interface with the TL500 analog processor. It provides base 
drive for external PNP digit & segment drivers providing direct 
interface with 7-segment display. Spec sheet $ .2 5 

LD130 A/D Converter $5.50 

Single-reference voltage, auto zero and auto polarity. It is de¬ 
signed for Digital Voltmeters, Panel Meters, Digital Thermo¬ 
meters, Microprocessor Interfaces to Analog Signals, & General 
Instrumentation. 34-pg. Spec & Application notes $2.50 

MM5865 Programmable Stopwatch $7.50 

7-function Universal Timer and Stopwatch. Start/stop with 
elapse time, start/stop accumulative event time, split, sequential 
total elapse time, rally total elapse time, program up and down 
count. It uses 32.8 KHz crystal or external clock. 

Spec sheet & 10-page Application notes $1 .50 

32.8 KHz Crystal $4.00 
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YOU’RE UNDER SURVEILLANCE!! 

A HOST OF PEOPLE, AGENCIES, AND COMPUTERS 
ARE BUSY SPYING ON YOU AND YOUR BUSINESS 
EVERY DAY, OFTEN ILLEGALLY.. . . 


HOW TO STOP IT OR DO IT BACK! 



$11 


95 


A Utf Fomut (8'A'' z 11'') Quality Paiwrlxck, 240 Pa|«t 


BUGGING 
WIRETAPPING 
TAILING 
OPTICAL AND 
ELECTRONIC SURVEILLANCE 
SURREPTITIOUS ENTRY 
DETECTIVE TECHNIQUES 
WEAPONS 

^ COUNTERMEASURES 

U "A VIRTUAL ENCYCLOPEDIA ON SURVEILLANCE 
Z . . . EVERYTHING YOU’VE ALWAYS WANTED TO 
O KNOW ABOUT SPYING.”— 
f _ PLAYBOY MAGAZINE 

[u with Each Order You Racelrn free Other Material And Uterature 


g la like hihint without hail 


QUIMTRONIX 
Postpaid—P.O. Box 548-RE 
Seattle, Washington 98111 
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save on gas! 

Enjoy the benefits of 20% better gas 
mileage, quidcer starting, elimination t)f 
tune-ups, reduced pollution, and 50,000 
miles on plugs and points. 


Update your car with a TIGER solid 
state electronic ignition system. Easily 
installed in 30 minutes . . . even on 


Tiger 500 CD 

Assembled.$49.95 

Simplikit.$29.95 

Postpaid USA. 

Master Charge d BartkAmericard accepted. 

TFTStar Corporation 


Phone (303) 243-5200 
P.O. Box 1727 

Grand Junction, Colorado 81501 
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A lot of signal. 
Fora little cost 



When it comes to signal sources, high precision and 
versatility don't have to mean high price. Proof? Our new 
function and pulse generators! 

MODEL 2001 SWEEPABLE FUNCTION GENERATOR. 

A wide-range 1 Hz-100 KHz source for stable, 
low-distortion sine waves; fast rise/fall-time square 
waves; high-linearity triangle waves.. .as well as a TTL 
square-wave output. 

The 2001’s voltage-controlled oscillator lets you 
remotely shift the generator’s frequency by applying a DC 
voltage, or using an AC voltage to sweep Its output over a 
100; 1 range. A pushbutton-selectable DC offset, allows 
you to shift output waveform centers above or below 
baseline at will. With its five overlapping ranges, high- 
and low-level outputs. Model 2001 is a remarkable value 
for professionals and hobbyists at $124.95.* 

MODEL 4001 ADVANCED PULSE GENERATOR. 

If we tried to list all the 400Ts advantages, we’d 
run out of space before running out of features.. .so 

® 1978. Continental Specialties Corporation, Prices, specifications subject to i 


here are the highlights: Model 4001 Is a precision 
digital pulse generator with fast rise and fall times 
covering 0.5 Hz—5 MHz in 5 overlapping ranges. Pulse 
width and spacing are independently variable, 

100 nsec—1 sec. 

Whatever type of testing you have in mind, the 
4001 has a mode to match. Continuous. One-shot. 

Trigger. Gate. Even a compliment mode to instantly invert 
the generator’s main outputs. And there’s much more, 
including external triggering; square-wave, fixed TTL and 
variable outputs... to name but a few. The more digital 
work you do, the more you need our 4001. At $149.95*, it’s ^ 
very easy to afford. 

WHY SETTLE FOR LESS? 

Get the signal generators you’ve been looking for. 

At the price you’ve been waiting for. 

NEED MORE INFORMATION? CALL 203-624-3103 
to order, or for the name of your local distributor. 

Prices slightly higher outside USA. 

ange without notice. "Manufacturer's suggested list. 


Corporate Headquarters: 
Continental Specialties Corporation 
70 Fuiton Terr., Box 1942, New Haven, CT 06509 
351 California St., San Francisco, CA 94104 
(415) 421-8872, TWX 910-372-7992 


CONTINENTAL SPECIALTIES CORPORATION 



Europe, Africa, Mid-East: CSC UK LTD. 

Shire Hill Industrial Estate, Units 1 and 2 
Saffron Walden, Essex CB 11 3AQ 
Telephone Number: SAFFRON WALDEN 21682 
TLX 817477 
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We double guarantee it* 


Exclusive 

Octopole Construction. 


That’s eight magnets set in eight 
different directions to give you a 
magnetic seal so complete and 
powerful, your antenna would stay 
up there if you could squeeze 
between two semis passing each other at 180 
miles an hour. That’s magnetic octopower. 



♦ GUARANTEE! 

Placed on the roof of a vehicle; properly timed, the K40 
Magnamount is guaranteed to transmit a further^istance 
than a standard K40 without the Magnamount or you will 
receive a prompt and full refund from your K40 dealer 
who installed and timed the Magnamount K40 for you. 

♦ GUARANTEED 

Materials and workman^ip are guaranteed for a full 12 
months. Any part that fails to p^orm satisfactorily will 
be replaced absolute free. 


Exclusive K40 Flux Harmonics 
for Greater Transmission. 

The magnetic radiation pattern was designed to 
match the K40 antenna radiation for greater dis¬ 
tance than the standard K40. See our guarantee. 

The facts: Physics and Pjiysical. 

1. Magnamount is a bigger, stronger magnet—in 
fact it’s 8 bigger, stronger, magnets. 

2. It doesn’t just hold the K40 antenna, it helps 
it transmit further. 

3. Remember the law of reciprocity. The an¬ 
tenna that transmits better, receives better. 

4. It provides a flatter, lower SWR because the 
Magnamount is capacitance grounded. 

5. It puts your % wave K40 antenna securely in 
place in the most advantageous place to work 
against a ground plane—high and free from 
obstruction. That’s square in the middle, right 

up on top $15.95 buj« it. 


^ MM ■ (SUGGESTED RETAIL) 

K40 M^namount. 

American Antenna 1945 South Street Elgin, Illinois 60120 

This professfonal CB equipment available only through R^^tered K40 Dealers! 
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